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Geothermal energy is independent renewable energy extracted from deep and shallow subsurface 
to provide electricity and heat for many applications. At shallow depths of about 3000 feet (914 
meters), temperatures as high as 70oC could be extracted and used for domestic and commercial 
heating systems. Deeper and hotter resources are usually available at depths greater than 10000 
feet (3048 meters). The hotter the extracted fluid temperature, the better it is suited for electricity 
generation. New technologies such as binary cycle systems have made it possible to use 
moderately hot liquids for electricity generation. However, specific conditions must be in place 
for a geothermal reservoir's existence and economical heat extraction. This study investigates 
these conditions to help determine geothermal site selection in North Dakota. There are many oil 
and gas wells in North Dakota, mainly spread across the Williston Basin. Data from some of 
these wells were used to obtain valuable information for this research study. Some of the wells 
are in the abandoned status. The abandoned wells, in most situations, have lost their economic 
value for producing oil and gas. However, they could be good candidates to use geothermal 
resources. The geothermal energy system has faced many challenges since its inception. Some of 
the biggest challenges are the cost of extracting the energy for use and scalability. Since natural 
sources of great geothermal energy sources are geographically limited, an efficient method to 




The heat energy generated from the ground can be used for various purposes such as electricity, 
direct heating of homes, spas, and mineral baths. As the demand for electricity generation from 
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geothermal energy continues to grow worldwide (Bertani, 2016), the energy industry faces the 
challenge of reducing drilling costs to confirm geothermal resources' existence. This research 
work aims at investigating several factors that are critical in determining a high-grade 
geothermal resource. These factors include the temperature distribution and the rock's specific 
heat; the total and the effective porosity: the permeability; sufficient fluid in place; reservoir 
thickness; and an adequate reservoir recharge of fluids (Muffler & Cataldi, 1977). Other 
properties necessary for an economic geothermal energy extraction include; adequate production 
capacity and water chemistry (Gosnold, 1991).  This research study investigates some of these 
factors. It demonstrates how the process could be applied in geothermal energy site selection in 
North Dakota. 
2.2. Purpose and Scope 
This research work is directed towards assessing factors critical in determining sites for 
geothermal extraction in North Dakota. In this research work, records of temporarily abandoned 
wells located in the North Dakota Industrial Commission (NDIC) database were used. The 
purpose of considering the temporarily abandoned wells is to evaluate the possibility of 
repurposing the wells for geothermal energy extraction and, at the same time, provide 
information on possible nearby new drills. Geothermal energy extraction projects have faced 
setbacks because of the cost of drilling new wells. Hence, cost-saving operations that will reuse 
wells designated for plugging and abandonment will be invaluable. Using the existing well data 
also provides a clear picture of different formations at varying depths. It helps evaluate the 
factors critical in determining geothermal resource location and provides some certainty in 
forecasting thermal energy production. 
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2.3. Method of Study 
This project aims to leverage existing infrastructures by investigating the potential of converting 
wells on temporarily abandoned status to geothermal wells. The project's sources include oil and 
gas wells data from the North Dakota industry Commission (NDIC) website. Data from selected 
wells will be used to create a regional heat map for temperature-depth estimation. The corrected 
temperatures at depth are calculated using Thermostratigraphic (TSRAT) estimation (Gosnold et 
al., 2012). The geothermal gradient is calculated for the areas identified with geothermal 
resource potentials. Mapping tools such as Surfer and ArcGis will be used in the evaluation of 
the site selection locations. Stratigraphic and thermal conductivity data will be used to analyze 
the temperature at depth. Finally, North Dakota Stratigraphic Column map will be used to 
evaluate target resource formation properties. The completion formation is determined using the 
North Dakota Stratigraphic column (Murphy et al., 2009). 
 
3. Literature Review 
The earth's interior reaches a temperature greater than 4000oC, and this geothermal energy flows 
continuously to the surface (Green & Nix, 2006). While much of the earth's energy cannot be 
recovered, a small percentage recovered has shown that geothermal energy can play an essential 
role in the energy supply (Liu et al., 2021). Such countries are Iceland (27% of power) and El 
Salvador (26% of power) (Falcone et al., 2018).  The International Energy Agency Energy 
Market Report 2013 announced that by 2050, geothermal generation could reach 1400 TWh per 
year, around 3.5% of global electricity production, and contribute 5.8 EJ in geothermal heating 
(Medium-Term Renewable Energy Market Report 2013, 2013). In addition, many countries 
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explore ways to be less dependent on energy imports. Thus, the need to harness the energy from 
the earth's subsurface continues to grow (Falcone et al., 2018).  
3.1. Temperature Estimation 
Geothermal energy as an abundant renewable energy source is considered constant and 
independent (Falcone et al., 2018). There are three classes of geothermal energy sources: high 
temperature (> 150oC), medium-temperature (90-150oC), and low-temperature source (< 90oC) 
(Nian & Cheng, 2018). In North Dakota, strata-bound geothermal resource temperature ranges 
from less than 90oC to an intermediate temperature between 90oC and 150oC (Gosnold, 1991). 
Depending on the geothermal sources' temperature, the produced fluid can be used for heating, 
cooling, and power generation; depth, however, is necessary for power generation (Falcone et al., 
2018). Deep sedimentary basins underlie one-half of North Dakota, and there is significant 
potential for the occurrence of geothermal resources. The deep sedimentary basins are capped 
with thick low thermal-conductivity shale and are underlain by four major aquifers (Gosnold, 
1991). Heat is not the only factor necessary for the determination of geothermal site selection. 
Several factors contribute to the determination of whether a geothermal resource can be extracted 
economically. These factors include adequate temperature, adequate production capacity, 
favorable water chemistry, fluid pressure, permeability, and the aquifer's Thickness (Gosnold, 
1991).  Subsurface temperatures vary significantly throughout North Dakota according to 
variations in thermal conductivities within the sedimentary strata. However, the formations 
within the basins remain continuous (Gosnold, 1991).  
Since the formations remain continuous within the basins, Gosnold, 1991, suggested that thermal 
conductivities measured on samples from a few sites might be applied to the lithologic units 
throughout the region using the following mathematical relation: 
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      ( 1 ) 
To is surface temperature, Q is heat flow, Zt is the thickness of the ith stratum, and λt is the 
thermal conductivity of the ith stratum (Gosnold, 1991). Thus, the subsurface temperature is 
determined by the local heat flow, known from the boreholes' direct temperature measurements, 
the mean average surface temperature, the thermal conductivities, and the thickness of strata 
(Gosnold, 1991).   
3.2. Porosity and Permeability 
The porosity and permeability of several formations were obtained from the research work 
conducted by Smith et al., 2017. In their work, the porosity was tested using a Helium 
Porosimeter and Boyles Law calculation was applied to determine the grain volume of each 
sample (Smith et al., 2017). Then, this value is subtracted from the predetermined bulk volume 
to determine the amount of void space (porosity) in the rock (Smith et al., 2017). Table 1. Shows 
results of the tested samples for relative permeability. Table 2 shows the porosity and 
permeability data collected for each of the samples tested. 




Table 2 - Porosity and permeability of collected samples (Smith et al., 2017) 
 
Although porosity-permeability relationships are not well known in shales, the Kozeny-Carman 
relationship relates permeability and porosity in sedimentary formations as follows: 
K=20ϕ'5/S0 2(1−ϕ')2K=20ϕ'5/S0 2(1−ϕ')2     ( 2 ) 
where K is permeability (in m2), ϕ′ is the porosity corrected for one molecular layer adsorbed 
water, and S0 is the specific surface area (in m2/m3) (Jean Burrus (2), Kirk Osadetz (3), 1996). 
The table below shows other sources of porosity and permeability of formations in the Williston 
Basin. 
Table 3 - Porosity and permeability of some North Dakota formations 
Formation Porosity (%) Permeability (mD) Source 
Inyan Kara Fm 20-30 10 - 100 "(Bader, 2017)" 
Spearfish Fm 12-15 <0.1 - 320 "(LeFever, 2011)" 
Broom Creek Fm 25.5 (average) Can be up to 850  "(Smith et al., 2017)" 
Lodgepole Fm 13.6 (average) 29.7 (average) "(Smith et al., 2017)" 
Red River Fm 10-24 <1 - 62.8 "(Hartig, 2018)" 




Williston Basin underlies western North Dakota, northwestern South Dakota, eastern Montana, 
southern Manitoba, and southeastern Saskatchewan (Majorowicz et al., 1988). There are at least 
twelve regional aquifers in the Williston Basin (Gosnold, 1991). At least four of these aquifers 
underly North Dakota, and these aquifers include; Inyan Kara, Madison, Duperow, and Red 
River (Gosnold, 1991).   
 
 




Figure 2- Map showing A-A' used in creating fig.1 (modified from Downey & Dinwiddie, 1988) 
3.4. Stratigraphy and Formation Thickness 
The North Dakota Geological Survey provides a stratigraphic column detailed as shown in Table 
4. The table contains information about age, the average thickness of formation, the lithology, 
and potential resources available in each formation. Figure 3 shows stratigraphy and sedimentary 





















4.1. Process Flow Chart 
 
Figure 4 - A flow chart showing steps followed to complete the study 
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4.2. Data Collection and Creation of Heat Map 
In this research study, oil and gas wells data were collected from the North Dakota Industrial 
Commission (NDIC) website. Madison formation is selected to be used in creating the heat map 
of North Dakota. The reason is that the top of the Madison formation, on average, is over 2000 
meters (6562 feet) deep, and most oil and gas wells go through it. The input data in the Surfer 
software include the bottom hole temperatures of the wells and the well locations. The resulting 
map provides an estimated visual of geothermal heat source areas.  
The findings from the map indicate higher temperatures in the west of North Dakota. A focused 
study was conducted on the western part of North Dakota to calculate the temperature at a depth 
of every formation. Further sorting of the wells was done to select vertical wells that penetrate 
the Red River formation. Vertical wells are considered in this study because it helps calculate a 
more accurate temperature gradient (Beardsmore & Cull, 2001). Red River formation is chosen 
because it is the deepest of the four major aquifers in North Dakota (Gosnold, 1991). The four 
major aquifers in North Dakota are Inyan Kara, Madison, Duperow, and Red River (Gosnold, 
1991). Figure 1 shows that the Cambrian-Ordovician system, which is the location of the Red 
River aquifer. 
4.3. Calculation of Temperature at Depth Using Fourier’s Equation of Heat Flow 
 A total of 28 wells were identified for further analysis. First, the depths of the top of the 
formations of the wells were obtained from the NDIC database. Then, the thickness of each 
formation identified in the location of the wells was calculated. The difference of the tops gives 
the thickness.  Figure 6 shows the locations of the selected wells. 
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 The heat flow for North Dakota has been determined (Gosnold & Njoku, 2017). However, the 
bottom hole temperatures do not reflect the actual temperatures at depth. Therefore, the linear 
relationship in Fourier’s law is used 
q = λ(dT/dz)       ( 3 ) 
where q is the heat flow in mWm-2, λ is the thermal conductivity in Wm-1K-1, and dT/dz is the 
temperature gradient and was used to calculate the temperatures at depths (Gosnold & Njoku, 
2017). The heat flow value used in this study is 60 mWm-2. 
The actual temperatures at depth were calculated using the following relation:  
        ( 4 ) 
Where To is surface temperature, Q is heat flow, Zt is the Thickness of the ith stratum, and λt is 
the thermal conductivity of the ith stratum (Gosnold, 1991).  
4.4. Calculation of the Accessible Resource Base 
The accessible resource base is a function of the volume of fluid that can be produced and the 
temperature of the aquifer. The accessible resource base was calculated using the following 
equation: 
Q = (ρc)fAD(T-Tref)      ( 5 ) 
Where Q is the accessible resource base, (ρc)f is the volumetric specific heat of the aquifer, A is 
the reservoir area, D is the reservoir thickness, T is the reservoir temperature, Tref is the reference 
temperature (15oC) (Sorey et al., 1970). The volume of the aquifer was calculated as the 
thickness of the aquifer and the area of the aquifer. It was assumed that the mean area of an 
aquifer in North Dakota is 128,000 km2 for the carbonate rocks of the Madison aquifer and 
57,000 km2 for the sandstone of the Dakota aquifer (Sorey et al., 1970). The volumetric specific 
heat of rocks found in low-temperature geothermal systems has a weighted average value of 2.6 
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J/cm3 oC (Sorey et al., 1970). The resource estimate was calculated by multiplying the recovery 
factor of 0.25 by the mean accessible resource (Sorey et al., 1970). 
 
4.5. Power Generation Calculation for Geothermal Resources 
Power generation potential was calculated using the following equation: 
   E = ρCvV∆T       ( 6 ) 
Where E is the power generated, ρ is the density of water, Cv is the heat capacity of water, V is 
the volume of water, and ∆T is the temperature change (Gosnold et al., 2019). In this study, an 
average of six months of water production was used for each well. The volume was converted 
from bbl/day to m3/hr. ∆T is the temperature of the reservoir minus the temperature reference. A 
temperature reference of 15oC is used for the entire United States (Sorey et al., 1970). Fluid 
temperatures at the wellhead were assumed to equal the corresponding reservoir temperatures. 
However, insignificant loss of heat may not be achieved in many cases. These heat losses 
through conduction, convection, and radiation en route to the surface need to be considered in 
equation (6) to get the accurate power generation from each well.  
Permeability of the reservoir is an important factor considered in the power generation 
calculation. Permeability is a parameter that determines the volume of fluid per unit time, as 
shown in the integral form of Darcy’s law: 
   Q = (KA/µL)∆P      ( 7 ) 
Where Q is the volume per unit time, K is the permeability, A is the cross-sectional area of the 
reservoir, ∆P is the pressure drop, µ is the dynamic viscosity, and L is the length of the reservoir. 
The 6-month average volume (bbl/month) for each well was calculated using the production data 
from the NDIC. Based on the relationship of volume per unit time to permeability in Darcy’s 
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equation, it means that the permeability of a reservoir plays a part in determining the power 
generation from the reservoir. 
 
5. Results   
5.1. The Heat Map 
Figure 5 shows the heat map created using the bottom hole temperature (BHT) values. The data 
used in making this map were all the oil and gas wells available in the North Dakota Industrial 
Commission’s database at the time of this study. 
 
Figure 5 - Heat map of North Dakota created using the Surfer software 
5.2. Selected Wells that Penetrate the Red River Formation 
Twenty-eight vertical wells were selected for further evaluation. Figure 6 shows the location of 
the selected wells. This selection was based on the preliminary results from the heat map, and the 





Figure 6 - Selected wells used for the study 
5.3. Formation Thickness Calculation  
The formation thickness was calculated by subtracting the depth of each formation top from the 
underlying formation top. Table 5 shows the calculated thickness of all the twenty-eight wells 
selected for resource assessment evaluation. The thermal gradient was calculated using an 





Table 5 – Calculated thickness of formations and temperature gradients 
 
 
5.4. Temperature Gradient Calculation  
The gradient is calculated using an average of 4.45oC (Gosnold, 2021) as the surface temperature 
in North Dakota. Table 5 shows the calculated gradients for the twenty-eight wells. Figure 7 
shows the mapped gradient by location using the Surfer software. 
File Number Top of Formation (ft) Top of Formation (m) Thickness (ft) Gradient (oC/km)
9397 13166 2864 680 38.5
8945 13670 2726 330 39.3
18339 13858 5590 662 38.2
15569 13286 4745 348 40.1
11549 13177 3520 348 39.1
12378 12911 3773 338 39.9
9539 13736 2907 311 38.0
15785 14133 4811 332 39.2
9481 13430 2890 320 39.6
15669 13996 4776 324 38.9
15046 13512 4586 338 39.0
15170 13330 4624 300 39.4
7631 13816 2326 570 39.0
16330 13417 4977 303 39.8
7167 13309 2185 341 40.3
16062 14043 4896 595 38.9
6839 12737 2085 363 39.7
22750 12030 6934 570 40.4
12062 12260 3676 300 39.5
11747 13451 3580 399 39.6
16273 13294 4960 321 38.2
12173 13696 3710 339 38.1
12240 12797 3731 416 39.3
12249 12936 3733 387 39.6
11405 12613 3476 327 39.1
9300 13597 2835 364 39.2
17339 13901 5285 350 38.7




Figure 7 - Map showing temperature gradients 
5.5. The Accessible Resource Base Calculation 
The accessible resource base was calculated using the following equation: 
Q = (ρc)f AD(T-15oC)     ( 8 ) 
Where Q is the accessible resource base, (ρc)f is the volumetric specific heat of the aquifer, A is 
the reservoir area, D is the reservoir thickness, T is the reservoir temperature, Tref is the reference 
temperature (15oC) for the entire United States (Sorey et al., 1970). It was assumed that the mean 
area of an aquifer in North Dakota is 128,000 km2 for the carbonate rocks of the Madison aquifer 
and 57,000 km2 for the sandstone of the Dakota aquifer (Sorey et al., 1970). The calculation of 
the mean accessible resource, Q, was done as follows 
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Q in Joules = [2.6 x106 J/m3 oC] x Area m2 x Thickness (m) x (Treservoir– 15) oC ( 9 ) 
The recovery factor of 0.25 was multiplied by the mean accessible resource to obtain the 
resource estimate. Thus, the resource estimate (Sorey et al., 1970), was calculated as follows: 
Resource Estimate = 0.25 x Q      ( 10 ) 
 
 
Figure 8 - Map showing resource estimates using the selected wells 
5.5. Power Generation Estimation 
Power generation potential was calculated using the following equation: 
 E = ρCvV(Treservoir – 15oC)      ( 11 ) 
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E is the power generated, ρ is the density of water (1030 kg m-3), Cv is the heat capacity of water 
(4181 J kg-1 K-1), V is the average volume of produced water (m3 h-1), and ∆T is the change in 
temperature. This study assumed that the fluid temperatures at the wellhead were equal to the 
corresponding reservoir temperatures. However, power generated may vary based on whether the 
fluid has a significant temperature loss en route to the surface.  
 
Figure 9 - Map showing the power generation potentials of the selected wells 
 
6. Discussion  
This research study used oil and gas wells data from the NDIC database to investigate the factors 
determining site selection for geothermal energy extraction. The factors considered in this study 
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included reservoir temperature, aquifer thickness, reservoir porosity, reservoir permeability, 
resource estimates, power generation estimates, and repurposing of abandoned wells to reduce 
drilling costs. The data from the NDIC database provided the bottom hole temperatures used to 
plot an estimated heat map using the Surfer software. The heat map (figure 5) identifies regions 
with a high potential heat source for geothermal extraction. This preliminary map showed that 
the Williston Basin covering most of the western part of North Dakota has more heat source 
potentials. Hence it was selected for a more focused evaluation.  
The study investigated the aquifers underlying the Williston Basin. There are four principal 
aquifers, namely, Inyan Kara, Madison, Duperow, and Red River. An additional Formation 
called the Broom Creek was included in the aquifer assessment because of its lithology, porosity, 
and permeability. As the Red River Formation is the deepest of all the five Formations 
mentioned above, oil and gas wells deep into the Red River Formation were selected for the 
study. Another criterion in selecting the wells was that vertical wells were needed to calculate the 
temperature gradients accurately. Hence all the 28 wells used for the study were vertical (Figure 
6). Figure 7 shows the map of temperature gradients. The pattern shown in the map indicates that 
the temperature increases westward of North Dakota. 
Following the gradient mapping, the mean accessible resource was calculated for all five 
aquifers.  This step was done to determine the size of the accessible energy resource in each 
region where wells are located. Resource estimates were calculated by applying the 25% 
recoverable factor. The mapping of the resource estimates using the Surfer software created a 
ranking system that delineates each category. Figure 8 shows that south of Williams County, 
north and east of McKenzie County, north-east Billings County, and West of Dunn County have 
the highest resource estimations.  
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Power generation capacity is a function of permeability, the volume of produced water, and 
temperature. The power generation estimates were done to add another ranking tool in selecting 
zones with a high potential of generating geothermal energy by considering the permeability of 
the reservoir. The study used a 6-month average of water production from each of the twenty-
eight wells to calculate the power generation potentials of the areas around those wells. Figure 9 
shows that the northwest of McKenzie has the highest potential. There is a possibility that the 
high power generation potential from the northwest of McKenzie County could be due to the 
recharge source from the Missouri River.  
Recharge sources could play a role in site selection. For example, the Missouri River seems to be 
a decent recharge source in western North Dakota. Figure 10 shows that the river goes through 
several counties. Locations close to the river include; south of Williams County, north and west 
of McKenzie County, south of Montrail County, and north of Dunn County. 
Another factor to consider in site selection for geothermal extraction is the cost of drilling. North 
Dakota has many wells on abandoned status. A total of 147 wells were placed on abandoned but 
not permanently abandoned at the time of this study. Out of the 147 wells, 93 wells are located in 
the counties identified with a high heat source for geothermal energy extraction. These counties 
are Williams, Mountrail, McKenzie, Dunn, Billings, and Golden Valley. These abandoned wells 
could be good candidates for retrofits into geothermal wells. Repurposing the abandoned wells 
into geothermal wells could be cost-saving not for geothermal projects but for operators and 
North Dakota State in the permanent abandonment of wells. 
Figure 10 shows the location of the 93 abandoned wells. The selection of the wells may depend 




Map Showing the Location of 93 Non-Permanently Plugged Wells in the Selected Counties 
 
Figure 10 - Map showing abandoned wells in Williams, Mountrail, Mckenzie, Dunn, Billings, and Golden Valley Counties 
 
7. Conclusions 
The results obtained in this study were grouped into three main parameters, namely, temperature 
gradient, resource estimation, and power generation potentials. The temperature gradient was 
calculated by using the calculated temperatures at depth. The resource estimation was calculated 
by applying a recoverable factor of 25% to the mean accessible resource formula.  The mean 
accessible resource takes into consideration the thickness and specific heat capacity of the 
aquifers. Finally, the power generation potential considers the permeability of the reservoir, the 
temperature of the reservoir, and the volume of discharged water from a well.  
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In the model created to identify favorable locations for geothermal extraction, the results were 
ranked in the three main parameters. Then, these ranks were summed for individual wells. Next, 
the summed ranks (total) were ranked to obtain a combined rank (Table 6). All parameters were 
equally weighted for the sake of simplicity. The combined rank was finally used in creating the 
maps, as shown in Figures 11a, 11b, 11c, and 11d using the Surfer software. Site selection 
decisions could be made based on any or combined ranked results. 
 
Table 6 - Summary of the results obtained from the study  
 
 
Figures 11a, 11b, and 11c show the ranking of the thermal gradient, power generation potential, 
and resource estimate, respectively. Figure 11d shows the combined ranking model. 
 
 
File Number Gradient (oC/km) Resource Estimate (1016 Joules) Power (KWht) Rank Gradient Rank Resource Estimate Rank KWht Total Combined Rank
9397 38.5 1.21 32.23 24.0 1.0 11.00 36.00 9.00
8945 39.3 1.03 2.60 13.0 12.0 24.00 49.00 18.00
18339 38.2 1.14 2.32 26.0 2.0 25.00 53.00 20.00
15569 40.1 1.04 1.62 3.0 8.0 27.00 38.00 11.00
11549 39.1 1.00 8.87 17.0 14.0 21.00 52.00 19.00
12378 39.9 0.99 17.04 4.0 17.0 17.00 38.00 12.00
9539 38.0 1.00 3.72 28.0 16.0 23.00 67.00 27.00
15785 39.2 1.08 120.17 15.0 5.0 1.00 21.00 3.00
9481 39.6 1.02 75.01 8.0 13.0 4.00 25.00 4.00
15669 38.9 1.05 18.25 21.0 7.0 15.00 43.00 14.00
15046 39.0 0.98 16.37 18.0 21.0 18.00 57.00 22.00
15170 39.4 0.97 38.88 11.0 23.0 10.00 44.00 15.00
7631 39.0 1.13 44.50 19.0 4.0 8.00 31.00 7.00
16330 39.8 1.00 50.04 5.0 15.0 6.00 26.00 6.00
7167 40.3 1.04 61.34 2.0 10.0 5.00 17.00 2.00
16062 38.9 1.13 17.77 22.0 3.0 16.00 41.00 13.00
6839 39.7 0.99 40.39 6.0 18.0 9.00 33.00 8.00
22750 40.4 0.89 9.90 1.0 26.0 20.00 47.00 17.00
12062 39.5 0.84 2.11 10.0 28.0 26.00 64.00 26.00
11747 39.6 1.06 87.13 7.0 6.0 3.00 16.00 1.00
16273 38.2 0.95 18.91 25.0 24.0 14.00 63.00 24.00
12173 38.1 0.98 1.59 27.0 19.0 28.00 74.00 28.00
12240 39.3 0.98 23.50 12.0 22.0 12.00 46.00 16.00
12249 39.6 0.98 49.69 9.0 20.0 7.00 36.00 10.00
11405 39.1 0.89 5.58 16.0 25.0 22.00 63.00 25.00
9300 39.2 1.04 98.42 14.0 9.0 2.00 25.00 5.00
17339 38.7 1.03 11.01 23.0 11.0 19.00 53.00 21.00


























             
 
          
 
Figure 11 - Maps showing the ranking of the results obtained for resource estimates (11a), power generation (Figure 11b), temperature gradients (11c), 
and combined parameters (11d) 
 
11c  11d 
11a  11b 
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9. Appendix – Tables Showing Calculated Temperatures at Depth 
Table 7 - Calculated Temperatures at depth for NDIC file # 9397 
 
 
Formation (for NDIC file # 9397) Thermal Conductivity (λ) Depth Depth Temperature
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4413.9 1345.4 71.1
Belle Fouche 1.1 4536.9 1382.8 72.5
Mowry (K-M) 1.1 4823.0 1470.1 77.6
Newcastle (K-N) 2.3 4925.0 1501.1 79.3
Skull Creek 1.2 5048.0 1538.6 80.2
Inyan Kara (K-IK) 1.4 5163.0 1573.7 81.1
Swift (J-S) 1.2 5613.0 1710.8 86.7
Rierdon (J-R) 1.6 6064.0 1848.3 93.3
Piper 3.0 6360.7 1938.7 96.6
Spearfish (T-S) 4.0 6528.0 1989.7 97.5
Minnekahta Fm (PM-MK) 4.0 6754.0 2058.6 98.5
 Opeche Fm (PM-OP) 4.0 6796.0 2071.4 98.7
Broom Creek Fm (PM-BC) 4.0 7170.0 2185.4 100.3
Amsden Fm 1.2 7720.0 2353.1 102.8
 Tyler Fm (PN-T) 1.2 7840.0 2389.6 104.5
Big Snowy (M-BS) 1.2 7944.0 2421.3 106.0
Kibbey Fm (M-KL) 2.7 8202.0 2500.0 109.8
Madison Unconformity (M-MDUN) 2.5 8238.4 2511.1 110.0
Mission Canyon Fm (M-MD) 2.5 8353.0 2546.0 110.8
Ratcliffe Interval (M-MDR) 2.5 8745.0 2665.5 113.6
Base of Last Salt (M-MDLS) 1.1 8810.0 2685.3 114.1
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 8985.0 2738.6 116.8
FRYBURG MARKER (M-MDFY) 1.1 9099.6 2773.6 118.7
STATE "A" MARKER (M-MDSA) 1.1 9214.3 2808.5 120.5
TILSTON INTERVAL (MDTI) 1.2 9328.9 2843.5 122.3
LODGEPOLE FM. (M-MDLP) 1.2 9593.0 2923.9 126.2
DEVONIAN-BAKKEN (MD-B) 1.2 10403.0 3170.8 138.0
Three Forks Fm (D-TF) 1.3 10472.0 3191.9 139.0
Bird Bear Fm (D-BB) 1.3 10703.0 3262.3 142.1
Duperow Fm (D-DP) 3.1 10794.0 3290.0 143.4
Souris R. Fm (D-SR) 1.8 11143.0 3396.4 145.3
Dawson Bay Fm (D-DB) 2.6 11404.0 3475.9 147.9
Prairie Fm (D-PE) 2.8 11518.0 3510.7 148.6
Winnepegosis Fm (D-W) 2.8 11602.0 3536.3 149.2
Ashern 2.8 11789.9 3593.6 150.4
Interlake Fm (S-I) 2.8 11865.0 3616.5 150.8
Cedar Lake (S-CL) 2.8 12368.0 3769.8 154.0
Gunton Member (O-G) 2.8 13016.0 3967.3 158.2
Stoughton Member (O-ST) 2.8 13080.0 3986.8 158.6
Red River Fm (O-RR) 3.8 13166.0 4013.0 159.1
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Formation (for NDIC file # 8945) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4711.0 1435.9 75.7
Belle Fouche 1.1 4857.9 1480.7 77.1
Mowry (K-M) 1.1 5144.0 1567.9 82.6
Newcastle (K-N) 2.3 5290.0 1612.4 84.9
Skull Creek 1.2 5395.0 1644.4 85.7
Inyan Kara (K-IK) 1.4 5510.0 1679.4 86.6
Swift (J-S) 1.2 5906.0 1800.1 91.5
Rierdon (J-R) 1.6 6469.0 1971.8 99.7
Piper 3.0 6886.7 2099.1 104.3
Spearfish (T-S) 4.0 7054.0 2150.1 105.3
Minnekahta Fm (PM-MK) 4.0 7495.0 2284.5 107.2
 Opeche Fm (PM-OP) 4.0 7530.0 2295.1 107.4
Broom Creek Fm (PM-BC) 4.0 7796.0 2376.2 108.5
Amsden Fm 1.2 7885.0 2403.3 108.9
 Tyler Fm (PN-T) 1.2 8005.0 2439.9 110.7
Big Snowy (M-BS) 1.2 8139.0 2480.8 112.6
Kibbey Fm (M-KL) 2.7 8560.0 2609.1 118.8
Madison Unconformity (M-MDUN) 2.5 8585.4 2616.8 119.0
Mission Canyon Fm (M-MD) 2.5 8700.0 2651.8 119.8
Ratcliffe Interval (M-MDR) 2.5 9327.0 2842.9 124.2
Base of Last Salt (M-MDLS) 1.1 9398.0 2864.5 124.7
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9596.0 2924.9 127.8
FRYBURG MARKER (M-MDFY) 1.1 9710.6 2959.8 129.7
STATE "A" MARKER (M-MDSA) 1.1 9825.3 2994.7 131.5
TILSTON INTERVAL (MDTI) 1.2 9939.9 3029.7 133.3
LODGEPOLE FM. (M-MDLP) 1.2 10116.0 3083.4 135.9
DEVONIAN-BAKKEN (MD-B) 1.2 10904.0 3323.5 147.4
Three Forks Fm (D-TF) 1.3 10956.0 3339.4 148.2
Bird Bear Fm (D-BB) 1.3 11186.0 3409.5 151.3
Duperow Fm (D-DP) 3.1 11282.0 3438.8 152.5
Souris R. Fm (D-SR) 1.8 11713.0 3570.1 155.0
Dawson Bay Fm (D-DB) 2.6 11974.0 3649.7 157.5
Prairie Fm (D-PE) 2.8 12085.0 3683.5 158.2
Winnepegosis Fm (D-W) 2.8 12207.0 3720.7 159.0
Ashern 2.8 12479.9 3803.9 160.8
Interlake Fm (S-I) 2.8 12555.0 3826.8 161.2
Cedar Lake (S-CL) 2.8 12942.0 3944.7 163.7
Gunton Member (O-G) 2.8 13518.0 4120.3 167.4
Stoughton Member (O-ST) 2.8 13606.0 4147.1 167.9
Red River Fm (O-RR) 3.8 13670.0 4166.6 168.3
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Formation (for NDIC file # 18339) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 1712.0 521.8 30.9
Niobrara (K-NB) 1.2 1915.2 583.8 34.0
Carlile 1.2 2241.4 683.2 38.9
Greenhorn (K-GH) 1.1 4264.0 1299.7 69.8
Belle Fouche 1.1 4401.9 1341.7 70.5
Mowry (K-M) 1.1 4688.0 1428.9 76.5
Newcastle (K-N) 2.3 4793.0 1460.9 78.2
Skull Creek 1.2 4913.0 1497.5 79.1
Inyan Kara (K-IK) 1.4 5028.0 1532.5 80.0
Swift (J-S) 1.2 5468.0 1666.6 85.5
Rierdon (J-R) 1.6 5912.0 1802.0 92.0
Piper 3.0 6350.7 1935.7 96.8
Spearfish (T-S) 4.0 6518.0 1986.7 97.8
Minnekahta Fm (PM-MK) 4.0 7025.0 2141.2 100.0
 Opeche Fm (PM-OP) 4.0 7061.0 2152.2 100.1
Broom Creek Fm (PM-BC) 4.0 7423.0 2262.5 101.7
Amsden Fm 1.2 7665.0 2336.3 102.8
 Tyler Fm (PN-T) 1.2 7785.0 2372.9 104.5
Big Snowy (M-BS) 1.2 7960.0 2426.2 107.1
Kibbey Fm (M-KL) 2.7 8300.0 2529.8 112.1
Madison Unconformity (M-MDUN) 2.5 8329.4 2538.8 112.2
Mission Canyon Fm (M-MD) 2.5 8444.0 2573.7 113.1
Ratcliffe Interval (M-MDR) 2.5 9028.0 2751.7 117.2
Base of Last Salt (M-MDLS) 1.1 9094.0 2771.9 117.6
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9300.0 2834.6 120.9
FRYBURG MARKER (M-MDFY) 1.1 9414.6 2869.6 122.7
STATE "A" MARKER (M-MDSA) 1.1 9529.3 2904.5 124.6
TILSTON INTERVAL (MDTI) 1.2 9643.9 2939.5 126.4
LODGEPOLE FM. (M-MDLP) 1.2 9894.0 3015.7 130.0
DEVONIAN-BAKKEN (MD-B) 1.2 10720.0 3267.5 142.1
Three Forks Fm (D-TF) 1.3 10803.0 3292.8 143.3
Bird Bear Fm (D-BB) 1.3 11016.0 3357.7 146.2
Duperow Fm (D-DP) 3.1 11107.0 3385.4 147.4
Souris R. Fm (D-SR) 1.8 11495.0 3503.7 149.6
Dawson Bay Fm (D-DB) 2.6 11789.0 3593.3 152.4
Prairie Fm (D-PE) 2.8 11903.0 3628.0 153.2
Winnepegosis Fm (D-W) 2.8 12063.0 3676.8 154.2
Ashern 2.8 12352.9 3765.2 156.1
Interlake Fm (S-I) 2.8 12428.0 3788.1 156.6
Cedar Lake (S-CL) 2.8 12980.0 3956.3 160.1
Gunton Member (O-G) 2.8 13689.0 4172.4 164.6
Stoughton Member (O-ST) 2.8 13781.0 4200.4 165.2
Red River Fm (O-RR) 3.8 13858.0 4223.9 165.7
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Formation (for NDIC file # 15569) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4854.0 1479.5 77.8
Belle Fouche 1.1 5006.9 1526.1 79.3
Mowry (K-M) 1.1 5293.0 1613.3 84.8
Newcastle (K-N) 2.3 5446.0 1659.9 87.3
Skull Creek 1.2 5518.0 1681.9 87.8
Inyan Kara (K-IK) 1.4 5633.0 1716.9 88.7
Swift (J-S) 1.2 6188.0 1886.1 95.6
Rierdon (J-R) 1.6 6717.0 2047.3 103.4
Piper 3.0 7052.7 2149.7 107.0
Spearfish (T-S) 4.0 7220.0 2200.7 108.0
Minnekahta Fm (PM-MK) 4.0 7628.0 2325.0 109.8
 Opeche Fm (PM-OP) 4.0 7664.0 2336.0 110.0
Broom Creek Fm (PM-BC) 4.0 7880.0 2401.8 110.9
Amsden Fm 1.2 8023.0 2445.4 111.5
 Tyler Fm (PN-T) 1.2 8143.0 2482.0 113.3
Big Snowy (M-BS) 1.2 8409.0 2563.1 117.2
Kibbey Fm (M-KL) 2.7 8672.0 2643.2 121.0
Madison Unconformity (M-MDUN) 2.5 8691.4 2649.1 121.1
Mission Canyon Fm (M-MD) 2.5 8806.0 2684.1 122.0
Ratcliffe Interval (M-MDR) 2.5 9394.0 2863.3 126.1
Base of Last Salt (M-MDLS) 1.1 9463.0 2884.3 126.6
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9663.0 2945.3 129.8
FRYBURG MARKER (M-MDFY) 1.1 9777.6 2980.2 131.6
STATE "A" MARKER (M-MDSA) 1.1 9892.3 3015.2 133.4
TILSTON INTERVAL (MDTI) 1.2 10006.9 3050.1 135.2
LODGEPOLE FM. (M-MDLP) 1.2 10182.0 3103.5 137.8
DEVONIAN-BAKKEN (MD-B) 1.2 10950.0 3337.6 149.0
Three Forks Fm (D-TF) 1.3 10996.0 3351.6 149.7
Bird Bear Fm (D-BB) 1.3 11187.0 3409.8 152.3
Duperow Fm (D-DP) 3.1 11269.0 3434.8 153.4
Souris R. Fm (D-SR) 1.8 11677.0 3559.1 155.7
Dawson Bay Fm (D-DB) 2.6 11916.0 3632.0 158.0
Prairie Fm (D-PE) 2.8 12002.0 3658.2 158.6
Winnepegosis Fm (D-W) 2.8 12041.0 3670.1 158.8
Ashern 2.8 12206.9 3720.7 159.9
Interlake Fm (S-I) 2.8 12282.0 3743.6 160.3
Cedar Lake (S-CL) 2.8 12498.0 3809.4 161.7
Gunton Member (O-G) 2.8 13139.0 4004.8 165.8
Stoughton Member (O-ST) 2.8 13228.0 4031.9 166.4
Red River Fm (O-RR) 3.8 13286.0 4049.6 166.7
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Formation (for NDIC file #11549 ) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4354.0 1327.1 70.2
Belle Fouche 1.1 4459.9 1359.4 71.3
Mowry (K-M) 1.1 4746.0 1446.6 76.5
Newcastle (K-N) 2.3 4904.0 1494.7 79.0
Skull Creek 1.2 5017.0 1529.2 79.8
Inyan Kara (K-IK) 1.4 5132.0 1564.2 80.7
Swift (J-S) 1.2 5632.0 1716.6 87.0
Rierdon (J-R) 1.6 6115.0 1863.9 94.0
Piper 3.0 6536.7 1992.4 98.7
Spearfish (T-S) 4.0 6704.0 2043.4 99.6
Minnekahta Fm (PM-MK) 4.0 7094.0 2162.3 101.3
 Opeche Fm (PM-OP) 4.0 7124.0 2171.4 101.5
Broom Creek Fm (PM-BC) 4.0 7332.0 2234.8 102.4
Amsden Fm 1.2 7431.0 2265.0 102.8
 Tyler Fm (PN-T) 1.2 7551.0 2301.5 104.6
Big Snowy (M-BS) 1.2 7751.0 2362.5 107.5
Kibbey Fm (M-KL) 2.7 8094.0 2467.1 112.5
Madison Unconformity (M-MDUN) 2.5 8125.4 2476.6 112.7
Mission Canyon Fm (M-MD) 2.5 8240.0 2511.6 113.5
Ratcliffe Interval (M-MDR) 2.5 8860.0 2700.5 117.9
Base of Last Salt (M-MDLS) 1.1 8934.0 2723.1 118.4
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9165.0 2793.5 122.1
FRYBURG MARKER (M-MDFY) 1.1 9279.6 2828.4 123.9
STATE "A" MARKER (M-MDSA) 1.1 9394.3 2863.4 125.7
TILSTON INTERVAL (MDTI) 1.2 9508.9 2898.3 127.6
LODGEPOLE FM. (M-MDLP) 1.2 9734.0 2966.9 130.8
DEVONIAN-BAKKEN (MD-B) 1.2 10427.0 3178.1 141.0
Three Forks Fm (D-TF) 1.3 10490.0 3197.4 141.9
Bird Bear Fm (D-BB) 1.3 10695.0 3259.8 144.6
Duperow Fm (D-DP) 3.1 10783.0 3286.7 145.8
Souris R. Fm (D-SR) 1.8 11242.0 3426.6 148.4
Dawson Bay Fm (D-DB) 2.6 11481.0 3499.4 150.7
Prairie Fm (D-PE) 2.8 11599.0 3535.4 151.5
Winnepegosis Fm (D-W) 2.8 11804.0 3597.9 152.8
Ashern 2.8 12014.9 3662.2 154.2
Interlake Fm (S-I) 2.8 12090.0 3685.0 154.7
Cedar Lake (S-CL) 2.8 12446.0 3793.5 156.9
Gunton Member (O-G) 2.8 13049.0 3977.3 160.8
Stoughton Member (O-ST) 2.8 13124.0 4000.2 161.2
Red River Fm (O-RR) 3.8 13177.0 4016.3 161.6
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Formation (for NDIC file # 12378) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4501.0 1371.9 72.5
Belle Fouche 1.1 4574.9 1394.4 73.0
Mowry (K-M) 1.1 4861.0 1481.6 78.2
Newcastle (K-N) 2.3 5002.0 1524.6 80.4
Skull Creek 1.2 5125.0 1562.1 81.4
Inyan Kara (K-IK) 1.4 5240.0 1597.2 82.3
Swift (J-S) 1.2 5714.0 1741.6 88.2
Rierdon (J-R) 1.6 6205.0 1891.3 95.4
Piper 3.0 6702.7 2043.0 100.8
Spearfish (T-S) 4.0 6870.0 2094.0 101.8
Minnekahta Fm (PM-MK) 4.0 7223.9 2201.8 103.3
 Opeche Fm (PM-OP) 4.0 7242.3 2207.4 103.4
Broom Creek Fm (PM-BC) 4.0 7286.0 2220.8 103.6
Amsden Fm 1.2 7284.0 2220.2 103.6
 Tyler Fm (PN-T) 1.2 7404.0 2256.7 105.4
Big Snowy (M-BS) 1.2 7604.0 2317.7 108.3
Kibbey Fm (M-KL) 2.7 7992.0 2436.0 113.9
Madison Unconformity (M-MDUN) 2.5 8005.4 2440.0 114.0
Mission Canyon Fm (M-MD) 2.5 8120.0 2475.0 114.8
Ratcliffe Interval (M-MDR) 2.5 8693.0 2649.6 118.9
Base of Last Salt (M-MDLS) 1.1 8752.0 2667.6 119.3
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 8866.6 2702.6 121.1
FRYBURG MARKER (M-MDFY) 1.1 8981.3 2737.5 122.9
STATE "A" MARKER (M-MDSA) 1.1 9095.9 2772.4 124.8
TILSTON INTERVAL (MDTI) 1.2 9210.6 2807.4 126.6
LODGEPOLE FM. (M-MDLP) 1.2 9596.0 2924.9 132.2
DEVONIAN-BAKKEN (MD-B) 1.2 10225.0 3116.6 141.4
Three Forks Fm (D-TF) 1.3 10298.0 3138.8 142.5
Bird Bear Fm (D-BB) 1.3 10479.0 3194.0 144.9
Duperow Fm (D-DP) 3.1 10574.0 3223.0 146.2
Souris R. Fm (D-SR) 1.8 11051.0 3368.3 148.9
Dawson Bay Fm (D-DB) 2.6 11289.0 3440.9 151.2
Prairie Fm (D-PE) 2.8 11412.0 3478.4 152.0
Winnepegosis Fm (D-W) 2.8 11685.0 3561.6 153.8
Ashern 2.8 11864.9 3616.4 154.9
Interlake Fm (S-I) 2.8 11940.0 3639.3 155.4
Cedar Lake (S-CL) 2.8 12160.0 3706.4 156.8
Gunton Member (O-G) 2.8 12790.0 3898.4 160.8
Stoughton Member (O-ST) 2.8 12865.0 3921.3 161.3
Red River Fm (O-RR) 3.8 12911.0 3935.3 161.6
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Formation (for NDIC file # 9593) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4183.9 1275.3 67.6
Belle Fouche 1.1 4306.9 1312.7 69.1
Mowry (K-M) 1.1 4593.0 1399.9 74.1
Newcastle (K-N) 2.3 4699.0 1432.3 75.8
Skull Creek 1.2 4822.0 1469.8 76.8
Inyan Kara (K-IK) 1.4 4937.0 1504.8 77.6
Swift (J-S) 1.2 5410.0 1649.0 83.6
Rierdon (J-R) 1.6 5877.0 1791.3 90.4
Piper 3.0 6248.7 1904.6 94.5
Spearfish (T-S) 4.0 6416.0 1955.6 95.4
Minnekahta Fm (PM-MK) 4.0 6843.0 2085.7 97.3
 Opeche Fm (PM-OP) 4.0 6874.0 2095.2 97.4
Broom Creek Fm (PM-BC) 4.0 7235.0 2205.2 99.0
Amsden Fm 1.2 7475.0 2278.4 100.1
 Tyler Fm (PN-T) 1.2 7595.0 2315.0 101.8
Big Snowy (M-BS) 1.2 7810.0 2380.5 105.0
Kibbey Fm (M-KL) 2.7 8155.0 2485.6 110.0
Madison Unconformity (M-MDUN) 2.5 8182.4 2494.0 110.2
Mission Canyon Fm (M-MD) 2.5 8297.0 2528.9 111.0
Ratcliffe Interval (M-MDR) 2.5 8894.0 2710.9 115.2
Base of Last Salt (M-MDLS) 1.1 8963.0 2731.9 115.7
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9164.0 2793.2 118.9
FRYBURG MARKER (M-MDFY) 1.1 9278.6 2828.1 120.7
STATE "A" MARKER (M-MDSA) 1.1 9393.3 2863.1 122.5
TILSTON INTERVAL (MDTI) 1.2 9507.9 2898.0 124.4
LODGEPOLE FM. (M-MDLP) 1.2 9755.0 2973.3 128.0
DEVONIAN-BAKKEN (MD-B) 1.2 10579.0 3224.5 140.0
Three Forks Fm (D-TF) 1.3 10666.0 3251.0 141.3
Bird Bear Fm (D-BB) 1.3 10868.0 3312.6 144.0
Duperow Fm (D-DP) 3.1 10956.0 3339.4 145.2
Souris R. Fm (D-SR) 1.8 11373.0 3466.5 147.5
Dawson Bay Fm (D-DB) 2.6 11633.0 3545.7 150.1
Prairie Fm (D-PE) 2.8 11753.0 3582.3 150.9
Winnepegosis Fm (D-W) 2.8 11921.0 3633.5 151.9
Ashern 2.8 12210.9 3721.9 153.8
Interlake Fm (S-I) 2.8 12286.0 3744.8 154.3
Cedar Lake (S-CL) 2.8 12881.0 3926.1 158.0
Gunton Member (O-G) 2.8 13570.0 4136.1 162.4
Stoughton Member (O-ST) 2.8 13660.0 4163.6 163.0
Red River Fm (O-RR) 3.8 13736.0 4186.7 163.5
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Formation (for NDIC file # 15785) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 2105.0 641.6 36.7
Niobrara (K-NB) 1.2 2308.2 703.5 39.7
Carlile 1.2 2634.4 803.0 44.7
Greenhorn (K-GH) 1.1 4863.0 1482.2 78.6
Belle Fouche 1.1 4998.9 1523.7 79.2
Mowry (K-M) 1.1 5285.0 1610.9 85.4
Newcastle (K-N) 2.3 5434.0 1656.3 87.7
Skull Creek 1.2 5569.0 1697.4 88.8
Inyan Kara (K-IK) 1.4 5684.0 1732.5 89.6
Swift (J-S) 1.2 6135.0 1869.9 95.3
Rierdon (J-R) 1.6 6612.0 2015.3 102.3
Piper 3.0 7017.7 2139.0 106.7
Spearfish (T-S) 4.0 7185.0 2190.0 107.7
Minnekahta Fm (PM-MK) 4.0 7646.0 2330.5 109.7
 Opeche Fm (PM-OP) 4.0 7680.0 2340.9 109.8
Broom Creek Fm (PM-BC) 4.0 8005.0 2439.9 111.3
Amsden Fm 1.2 8102.0 2469.5 111.7
 Tyler Fm (PN-T) 1.2 8222.0 2506.1 113.4
Big Snowy (M-BS) 1.2 8421.0 2566.7 116.4
Kibbey Fm (M-KL) 2.7 8774.0 2674.3 121.5
Madison Unconformity (M-MDUN) 2.5 8810.4 2685.4 121.7
Mission Canyon Fm (M-MD) 2.5 8925.0 2720.3 122.5
Ratcliffe Interval (M-MDR) 2.5 9557.0 2913.0 127.0
Base of Last Salt (M-MDLS) 1.1 9614.0 2930.3 127.4
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9816.0 2991.9 130.6
FRYBURG MARKER (M-MDFY) 1.1 9930.6 3026.9 132.4
STATE "A" MARKER (M-MDSA) 1.1 10045.3 3061.8 134.3
TILSTON INTERVAL (MDTI) 1.2 10159.9 3096.7 136.1
LODGEPOLE FM. (M-MDLP) 1.2 10358.0 3157.1 139.0
DEVONIAN-BAKKEN (MD-B) 1.2 11160.0 3401.6 150.7
Three Forks Fm (D-TF) 1.3 11240.0 3426.0 151.9
Bird Bear Fm (D-BB) 1.3 11453.0 3490.9 154.7
Duperow Fm (D-DP) 3.1 11547.0 3519.5 156.0
Souris R. Fm (D-SR) 1.8 11980.0 3651.5 158.4
Dawson Bay Fm (D-DB) 2.6 12246.0 3732.6 161.0
Prairie Fm (D-PE) 2.8 12349.0 3764.0 161.7
Winnepegosis Fm (D-W) 2.8 12607.0 3842.6 163.4
Ashern 2.8 12828.9 3910.3 164.8
Interlake Fm (S-I) 2.8 12904.0 3933.1 165.3
Cedar Lake (S-CL) 2.8 13320.0 4059.9 167.9
Gunton Member (O-G) 2.8 13977.0 4260.2 172.1
Stoughton Member (O-ST) 2.8 14068.0 4287.9 172.7
Red River Fm (O-RR) 3.8 14133.0 4307.7 173.1
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Formation (for NDIC file # 9481) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4758.0 1450.2 76.4
Belle Fouche 1.1 4886.9 1489.5 77.6
Mowry (K-M) 1.1 5173.0 1576.7 83.0
Newcastle (K-N) 2.3 5334.0 1625.8 85.6
Skull Creek 1.2 5455.0 1662.7 86.5
Inyan Kara (K-IK) 1.4 5570.0 1697.7 87.3
Swift (J-S) 1.2 6047.0 1843.1 93.3
Rierdon (J-R) 1.6 6589.0 2008.3 101.2
Piper 3.0 6962.7 2122.2 105.3
Spearfish (T-S) 4.0 7130.0 2173.2 106.3
Minnekahta Fm (PM-MK) 4.0 7513.0 2290.0 108.0
 Opeche Fm (PM-OP) 4.0 7541.0 2298.5 108.1
Broom Creek Fm (PM-BC) 4.0 7773.0 2369.2 109.1
Amsden Fm 1.2 7904.0 2409.1 109.7
 Tyler Fm (PN-T) 1.2 8024.0 2445.7 111.5
Big Snowy (M-BS) 1.2 8474.6 2583.0 118.0
Kibbey Fm (M-KL) 2.7 8528.0 2599.3 118.8
Madison Unconformity (M-MDUN) 2.5 8553.4 2607.1 119.0
Mission Canyon Fm (M-MD) 2.5 8668.0 2642.0 119.8
Ratcliffe Interval (M-MDR) 2.5 9272.0 2826.1 124.0
Base of Last Salt (M-MDLS) 1.1 9333.0 2844.7 124.5
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9533.0 2905.7 127.7
FRYBURG MARKER (M-MDFY) 1.1 9647.6 2940.6 129.5
STATE "A" MARKER (M-MDSA) 1.1 9762.3 2975.5 131.3
TILSTON INTERVAL (MDTI) 1.2 9876.9 3010.5 133.1
LODGEPOLE FM. (M-MDLP) 1.2 10068.0 3068.7 135.9
DEVONIAN-BAKKEN (MD-B) 1.2 10832.0 3301.6 147.1
Three Forks Fm (D-TF) 1.3 10878.0 3315.6 147.8
Bird Bear Fm (D-BB) 1.3 11081.0 3377.5 150.5
Duperow Fm (D-DP) 3.1 11174.0 3405.8 151.7
Souris R. Fm (D-SR) 1.8 11589.0 3532.3 154.1
Dawson Bay Fm (D-DB) 2.6 11836.0 3607.6 156.5
Prairie Fm (D-PE) 2.8 11947.0 3641.4 157.2
Winnepegosis Fm (D-W) 2.8 12065.0 3677.4 158.0
Ashern 2.8 12266.9 3739.0 159.3
Interlake Fm (S-I) 2.8 12342.0 3761.8 159.7
Cedar Lake (S-CL) 2.8 12696.0 3869.7 162.0
Gunton Member (O-G) 2.8 13273.0 4045.6 165.7
Stoughton Member (O-ST) 2.8 13372.0 4075.8 166.3
Red River Fm (O-RR) 3.8 13430.0 4093.5 166.7
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Formation (for NDIC file # 15669) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4796.0 1461.8 77.0
Belle Fouche 1.1 4955.9 1510.6 78.6
Mowry (K-M) 1.1 5242.0 1597.8 84.1
Newcastle (K-N) 2.3 5330.0 1624.6 85.5
Skull Creek 1.2 5453.0 1662.1 86.4
Inyan Kara (K-IK) 1.4 5568.0 1697.1 87.3
Swift (J-S) 1.2 6083.0 1854.1 93.7
Rierdon (J-R) 1.6 6522.0 1987.9 100.1
Piper 3.0 6945.7 2117.0 104.8
Spearfish (T-S) 4.0 7113.0 2168.0 105.8
Minnekahta Fm (PM-MK) 4.0 7584.0 2311.6 107.8
 Opeche Fm (PM-OP) 4.0 7618.0 2322.0 108.0
Broom Creek Fm (PM-BC) 4.0 7920.0 2414.0 109.3
Amsden Fm 1.2 8075.0 2461.3 110.0
 Tyler Fm (PN-T) 1.2 8195.0 2497.8 111.7
Big Snowy (M-BS) 1.2 8672.6 2643.4 118.7
Kibbey Fm (M-KL) 2.7 8726.0 2659.7 119.5
Madison Unconformity (M-MDUN) 2.5 8758.4 2669.5 119.7
Mission Canyon Fm (M-MD) 2.5 8873.0 2704.5 120.5
Ratcliffe Interval (M-MDR) 2.5 9464.0 2884.6 124.7
Base of Last Salt (M-MDLS) 1.1 9536.0 2906.6 125.2
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9650.6 2941.5 127.0
FRYBURG MARKER (M-MDFY) 1.1 9765.3 2976.5 128.8
STATE "A" MARKER (M-MDSA) 1.1 9879.9 3011.4 130.6
TILSTON INTERVAL (MDTI) 1.2 9994.6 3046.3 132.5
LODGEPOLE FM. (M-MDLP) 1.2 10263.0 3128.2 136.4
DEVONIAN-BAKKEN (MD-B) 1.2 11089.0 3379.9 148.4
Three Forks Fm (D-TF) 1.3 11149.0 3398.2 149.3
Bird Bear Fm (D-BB) 1.3 11400.0 3474.7 152.7
Duperow Fm (D-DP) 3.1 11494.0 3503.4 154.0
Souris R. Fm (D-SR) 1.8 11912.0 3630.8 156.3
Dawson Bay Fm (D-DB) 2.6 12183.0 3713.4 159.0
Prairie Fm (D-PE) 2.8 12301.0 3749.3 159.8
Winnepegosis Fm (D-W) 2.8 12490.0 3807.0 161.0
Ashern 2.8 12672.9 3862.7 162.1
Interlake Fm (S-I) 2.8 12748.0 3885.6 162.6
Cedar Lake (S-CL) 2.8 13188.0 4019.7 165.4
Gunton Member (O-G) 2.8 13839.0 4218.1 169.6
Stoughton Member (O-ST) 2.8 13921.0 4243.1 170.1
Red River Fm (O-RR) 3.8 13996.0 4266.0 170.6
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Formation (for NDIC file # 15046) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4760.0 1450.8 76.4
Belle Fouche 1.1 4913.9 1497.8 78.0
Mowry (K-M) 1.1 5200.0 1585.0 83.4
Newcastle (K-N) 2.3 5323.0 1622.5 85.4
Skull Creek 1.2 5480.0 1670.3 86.6
Inyan Kara (K-IK) 1.4 5595.0 1705.4 87.4
Swift (J-S) 1.2 6049.0 1843.7 93.1
Rierdon (J-R) 1.6 6486.0 1976.9 99.5
Piper 3.0 6842.7 2085.7 103.4
Spearfish (T-S) 4.0 7010.0 2136.6 104.4
Minnekahta Fm (PM-MK) 4.0 7377.0 2248.5 106.0
 Opeche Fm (PM-OP) 4.0 7422.0 2262.2 106.2
Broom Creek Fm (PM-BC) 4.0 7761.0 2365.6 107.7
Amsden Fm 1.2 8214.0 2503.6 109.7
 Tyler Fm (PN-T) 1.2 8334.0 2540.2 111.4
Big Snowy (M-BS) 1.2 8689.6 2648.6 116.6
Kibbey Fm (M-KL) 2.7 8743.0 2664.9 117.4
Madison Unconformity (M-MDUN) 2.5 8768.4 2672.6 117.6
Mission Canyon Fm (M-MD) 2.5 8883.0 2707.5 118.4
Ratcliffe Interval (M-MDR) 2.5 9324.0 2842.0 121.5
Base of Last Salt (M-MDLS) 1.1 9386.0 2860.9 121.9
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9581.0 2920.3 125.0
FRYBURG MARKER (M-MDFY) 1.1 9695.6 2955.2 126.8
STATE "A" MARKER (M-MDSA) 1.1 9810.3 2990.2 128.7
TILSTON INTERVAL (MDTI) 1.2 9924.9 3025.1 130.5
LODGEPOLE FM. (M-MDLP) 1.2 10090.0 3075.4 132.9
DEVONIAN-BAKKEN (MD-B) 1.2 10946.0 3336.3 145.4
Three Forks Fm (D-TF) 1.3 10984.0 3347.9 146.0
Bird Bear Fm (D-BB) 1.3 11240.0 3426.0 149.4
Duperow Fm (D-DP) 3.1 11329.0 3453.1 150.6
Souris R. Fm (D-SR) 1.8 11664.0 3555.2 152.5
Dawson Bay Fm (D-DB) 2.6 11933.0 3637.2 155.1
Prairie Fm (D-PE) 2.8 12005.0 3659.1 155.6
Winnepegosis Fm (D-W) 2.8 12149.0 3703.0 156.5
Ashern 2.8 12244.9 3732.3 157.1
Interlake Fm (S-I) 2.8 12320.0 3755.1 157.6
Cedar Lake (S-CL) 2.8 12721.0 3877.4 160.2
Gunton Member (O-G) 2.8 13356.0 4070.9 164.2
Stoughton Member (O-ST) 2.8 13432.0 4094.1 164.7
Red River Fm (O-RR) 3.8 13512.0 4118.5 165.2
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Formation (for NDIC file # 15170) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 960.1 51.9
Niobrara (K-NB) 1.2 1022.0 55.0
Carlile 1.2 1121.4 59.9
Greenhorn (K-GH) 1.1 1404.5 74.1
Belle Fouche 1.1 1438.6 75.1
Mowry (K-M) 1.1 1525.8 80.4
Newcastle (K-N) 2.3 1568.2 82.6
Skull Creek 1.2 1605.7 83.6
Inyan Kara (K-IK) 1.4 1640.7 84.5
Swift (J-S) 1.2 1795.6 90.8
Rierdon (J-R) 1.6 1939.4 97.7
Piper 3.0 2070.1 102.4
Spearfish (T-S) 4.0 2121.1 103.4
Minnekahta Fm (PM-MK) 4.0 2243.3 105.1
 Opeche Fm (PM-OP) 4.0 2252.5 105.3
Broom Creek Fm (PM-BC) 4.0 2310.4 106.1
Amsden Fm 1.2 2344.5 106.6
 Tyler Fm (PN-T) 1.2 2381.1 108.3
Big Snowy (M-BS) 1.2 2451.2 111.7
Kibbey Fm (M-KL) 2.7 2550.3 116.5
Madison Unconformity (M-MDUN) 2.5 2577.2 117.0
Mission Canyon Fm (M-MD) 2.5 2612.1 117.8
Ratcliffe Interval (M-MDR) 2.5 2774.9 121.6
Base of Last Salt (M-MDLS) 1.1 2799.6 122.2
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 2834.5 124.0
FRYBURG MARKER (M-MDFY) 1.1 2869.5 125.8
STATE "A" MARKER (M-MDSA) 1.1 2904.4 127.6
TILSTON INTERVAL (MDTI) 1.2 2939.4 129.5
LODGEPOLE FM. (M-MDLP) 1.2 3033.1 134.0
DEVONIAN-BAKKEN (MD-B) 1.2 3251.3 144.4
Three Forks Fm (D-TF) 1.3 3267.5 145.2
Bird Bear Fm (D-BB) 1.3 3329.9 148.0
Duperow Fm (D-DP) 3.1 3358.6 149.2
Souris R. Fm (D-SR) 1.8 3485.7 151.6
Dawson Bay Fm (D-DB) 2.6 3571.6 154.3
Prairie Fm (D-PE) 2.8 3607.0 155.1
Winnepegosis Fm (D-W) 2.8 3658.8 156.2
Ashern 2.8 3726.2 157.6
Interlake Fm (S-I) 2.8 3749.0 158.1
Cedar Lake (S-CL) 2.8 3847.2 160.1
Gunton Member (O-G) 2.8 4017.6 163.7
Stoughton Member (O-ST) 2.8 4046.2 164.3
Red River Fm (O-RR) 3.8 4063.0 164.6
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Formation (for NDIC file # 7631) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4680.9 1426.7 75.2
Belle Fouche 1.1 4803.9 1464.2 76.4
Mowry (K-M) 1.1 5090.0 1551.4 81.7
Newcastle (K-N) 2.3 5217.0 1590.1 83.7
Skull Creek 1.2 5340.0 1627.6 84.7
Inyan Kara (K-IK) 1.4 5455.0 1662.7 85.6
Swift (J-S) 1.2 5950.0 1813.6 91.8
Rierdon (J-R) 1.6 6387.0 1946.8 98.1
Piper 3.0 6825.7 2080.5 102.9
Spearfish (T-S) 4.0 6993.0 2131.5 103.9
Minnekahta Fm (PM-MK) 4.0 7422.0 2262.2 105.8
 Opeche Fm (PM-OP) 4.0 7460.0 2273.8 106.0
Broom Creek Fm (PM-BC) 4.0 7757.0 2364.3 107.3
Amsden Fm 1.2 7866.0 2397.6 107.7
 Tyler Fm (PN-T) 1.2 7986.0 2434.1 109.5
Big Snowy (M-BS) 1.2 8268.0 2520.1 113.6
Kibbey Fm (M-KL) 2.7 8556.0 2607.9 117.8
Madison Unconformity (M-MDUN) 2.5 8588.4 2617.7 118.0
Mission Canyon Fm (M-MD) 2.5 8703.0 2652.7 118.8
Ratcliffe Interval (M-MDR) 2.5 9315.0 2839.2 123.1
Base of Last Salt (M-MDLS) 1.1 9391.0 2862.4 123.7
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9598.0 2925.5 127.0
FRYBURG MARKER (M-MDFY) 1.1 9712.6 2960.4 128.8
STATE "A" MARKER (M-MDSA) 1.1 9827.3 2995.4 130.6
TILSTON INTERVAL (MDTI) 1.2 9941.9 3030.3 132.5
LODGEPOLE FM. (M-MDLP) 1.2 10068.0 3068.7 134.3
DEVONIAN-BAKKEN (MD-B) 1.2 10934.0 3332.7 146.9
Three Forks Fm (D-TF) 1.3 11015.0 3357.4 148.1
Bird Bear Fm (D-BB) 1.3 11227.0 3422.0 151.0
Duperow Fm (D-DP) 3.1 11321.0 3450.6 152.3
Souris R. Fm (D-SR) 1.8 11731.0 3575.6 154.5
Dawson Bay Fm (D-DB) 2.6 12014.0 3661.9 157.3
Prairie Fm (D-PE) 2.8 12130.0 3697.2 158.1
Winnepegosis Fm (D-W) 2.8 12295.0 3747.5 159.1
Ashern 2.8 12525.9 3817.9 160.6
Interlake Fm (S-I) 2.8 12601.0 3840.8 161.1
Cedar Lake (S-CL) 2.8 13040.0 3974.6 163.9
Gunton Member (O-G) 2.8 13664.0 4164.8 167.9
Stoughton Member (O-ST) 2.8 13750.0 4191.0 168.4
Red River Fm (O-RR) 3.8 13816.0 4211.1 168.8
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Formation (for NDIC file # 16330) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 1906.0 580.9 33.8
Niobrara (K-NB) 1.2 2109.2 642.9 36.8
Carlile 1.2 2435.4 742.3 41.8
Greenhorn (K-GH) 1.1 4732.0 1442.3 76.8
Belle Fouche 1.1 4889.9 1490.4 77.6
Mowry (K-M) 1.1 5176.0 1577.6 83.8
Newcastle (K-N) 2.3 5330.0 1624.6 86.3
Skull Creek 1.2 5478.0 1669.7 87.4
Inyan Kara (K-IK) 1.4 5593.0 1704.7 88.3
Swift (J-S) 1.2 5993.0 1826.7 93.3
Rierdon (J-R) 1.6 6510.0 1984.2 100.9
Piper 3.0 6892.7 2100.9 105.0
Spearfish (T-S) 4.0 7060.0 2151.9 106.0
Minnekahta Fm (PM-MK) 4.0 7526.0 2293.9 108.1
 Opeche Fm (PM-OP) 4.0 7560.0 2304.3 108.2
Broom Creek Fm (PM-BC) 4.0 7810.0 2380.5 109.3
Amsden Fm 1.2 7904.0 2409.1 109.7
 Tyler Fm (PN-T) 1.2 8024.0 2445.7 111.5
Big Snowy (M-BS) 1.2 8519.6 2596.8 118.7
Kibbey Fm (M-KL) 2.7 8573.0 2613.1 119.5
Madison Unconformity (M-MDUN) 2.5 8598.4 2620.8 119.7
Mission Canyon Fm (M-MD) 2.5 8713.0 2655.7 120.5
Ratcliffe Interval (M-MDR) 2.5 9296.0 2833.4 124.6
Base of Last Salt (M-MDLS) 1.1 9366.0 2854.8 125.1
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9582.0 2920.6 128.5
FRYBURG MARKER (M-MDFY) 1.1 9696.6 2955.5 130.3
STATE "A" MARKER (M-MDSA) 1.1 9811.3 2990.5 132.2
TILSTON INTERVAL (MDTI) 1.2 9925.9 3025.4 134.0
LODGEPOLE FM. (M-MDLP) 1.2 10102.0 3079.1 136.6
DEVONIAN-BAKKEN (MD-B) 1.2 10870.0 3313.2 147.8
Three Forks Fm (D-TF) 1.3 10922.0 3329.0 148.5
Bird Bear Fm (D-BB) 1.3 11124.0 3390.6 151.3
Duperow Fm (D-DP) 3.1 11212.0 3417.4 152.4
Souris R. Fm (D-SR) 1.8 11626.0 3543.6 154.8
Dawson Bay Fm (D-DB) 2.6 11877.0 3620.1 157.2
Prairie Fm (D-PE) 2.8 11967.0 3647.5 157.8
Winnepegosis Fm (D-W) 2.8 12111.0 3691.4 158.7
Ashern 2.8 12258.9 3736.5 159.7
Interlake Fm (S-I) 2.8 12334.0 3759.4 160.1
Cedar Lake (S-CL) 2.8 12668.0 3861.2 162.3
Gunton Member (O-G) 2.8 13260.0 4041.6 166.1
Stoughton Member (O-ST) 2.8 13357.0 4071.2 166.7
Red River Fm (O-RR) 3.8 13417.0 4089.5 167.1
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Formation (for NDIC file # 7167) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 1847.0 563.0 32.9
Niobrara (K-NB) 1.2 2050.2 624.9 35.9
Carlile 1.2 2376.4 724.3 40.9
Greenhorn (K-GH) 1.1 4764.0 1452.1 77.3
Belle Fouche 1.1 4948.9 1508.4 78.5
Mowry (K-M) 1.1 5235.0 1595.6 84.8
Newcastle (K-N) 2.3 5383.0 1640.7 87.2
Skull Creek 1.2 5520.0 1682.5 88.2
Inyan Kara (K-IK) 1.4 5635.0 1717.5 89.1
Swift (J-S) 1.2 6033.0 1838.9 94.1
Rierdon (J-R) 1.6 6655.0 2028.4 103.1
Piper 3.0 7145.1 2177.8 108.5
Spearfish (T-S) 4.0 7312.4 2228.8 109.5
Minnekahta Fm (PM-MK) 4.0 7513.0 2290.0 110.4
 Opeche Fm (PM-OP) 4.0 7541.0 2298.5 110.5
Broom Creek Fm (PM-BC) 4.0 7760.0 2365.2 111.4
Amsden Fm 1.2 7977.0 2431.4 112.4
 Tyler Fm (PN-T) 1.2 8097.0 2468.0 114.2
Big Snowy (M-BS) 1.2 8235.0 2510.0 116.2
Kibbey Fm (M-KL) 2.7 8575.0 2613.7 121.1
Madison Unconformity (M-MDUN) 2.5 8601.4 2621.7 121.3
Mission Canyon Fm (M-MD) 2.5 8716.0 2656.6 122.1
Ratcliffe Interval (M-MDR) 2.5 9284.0 2829.8 126.1
Base of Last Salt (M-MDLS) 1.1 9364.0 2854.1 126.7
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9568.0 2916.3 129.9
FRYBURG MARKER (M-MDFY) 1.1 9682.6 2951.3 131.7
STATE "A" MARKER (M-MDSA) 1.1 9797.3 2986.2 133.6
TILSTON INTERVAL (MDTI) 1.2 9911.9 3021.2 135.4
LODGEPOLE FM. (M-MDLP) 1.2 10067.0 3068.4 137.7
DEVONIAN-BAKKEN (MD-B) 1.2 10883.0 3317.1 149.6
Three Forks Fm (D-TF) 1.3 10923.0 3329.3 150.2
Bird Bear Fm (D-BB) 1.3 11130.0 3392.4 153.0
Duperow Fm (D-DP) 3.1 11211.0 3417.1 154.1
Souris R. Fm (D-SR) 1.8 11598.0 3535.1 156.2
Dawson Bay Fm (D-DB) 2.6 11839.0 3608.5 158.6
Prairie Fm (D-PE) 2.8 11941.0 3639.6 159.3
Winnepegosis Fm (D-W) 2.8 12037.0 3668.9 159.9
Ashern 2.8 12174.9 3710.9 160.7
Interlake Fm (S-I) 2.8 12250.0 3733.8 161.2
Cedar Lake (S-CL) 2.8 12576.0 3833.2 163.3
Gunton Member (O-G) 2.8 13156.0 4009.9 167.0
Stoughton Member (O-ST) 2.8 13241.0 4035.9 167.5
Red River Fm (O-RR) 3.8 13309.0 4056.6 168.0
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Formation (for NDIC file # 16062) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 2210.0 673.6 38.2
Niobrara (K-NB) 1.2 2413.2 735.5 41.2
Carlile 1.2 2739.4 835.0 46.2
Greenhorn (K-GH) 1.1 4776.0 1455.7 77.2
Belle Fouche 1.1 4951.9 1509.3 78.5
Mowry (K-M) 1.1 5238.0 1596.5 84.6
Newcastle (K-N) 2.3 5363.0 1634.6 86.6
Skull Creek 1.2 5479.0 1670.0 87.5
Inyan Kara (K-IK) 1.4 5594.0 1705.1 88.4
Swift (J-S) 1.2 5923.0 1805.3 92.5
Rierdon (J-R) 1.6 6528.0 1989.7 101.3
Piper 3.0 6862.7 2091.7 105.0
Spearfish (T-S) 4.0 7030.0 2142.7 106.0
Minnekahta Fm (PM-MK) 4.0 7471.0 2277.2 107.9
 Opeche Fm (PM-OP) 4.0 7521.0 2292.4 108.1
Broom Creek Fm (PM-BC) 4.0 7879.0 2401.5 109.7
Amsden Fm 1.2 8230.0 2508.5 111.2
 Tyler Fm (PN-T) 1.2 8350.0 2545.1 113.0
Big Snowy (M-BS) 1.2 8490.0 2587.8 115.0
Kibbey Fm (M-KL) 2.7 8813.0 2686.2 119.7
Madison Unconformity (M-MDUN) 2.5 8845.4 2696.1 119.9
Mission Canyon Fm (M-MD) 2.5 8960.0 2731.0 120.7
Ratcliffe Interval (M-MDR) 2.5 9466.0 2885.2 124.3
Base of Last Salt (M-MDLS) 1.1 9547.0 2909.9 124.9
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9725.0 2964.2 127.7
FRYBURG MARKER (M-MDFY) 1.1 9839.6 2999.1 129.5
STATE "A" MARKER (M-MDSA) 1.1 9954.3 3034.1 131.4
TILSTON INTERVAL (MDTI) 1.2 10068.9 3069.0 133.2
LODGEPOLE FM. (M-MDLP) 1.2 10247.0 3123.3 135.8
DEVONIAN-BAKKEN (MD-B) 1.2 11107.0 3385.4 148.4
Three Forks Fm (D-TF) 1.3 11163.0 3402.5 149.2
Bird Bear Fm (D-BB) 1.3 11433.0 3484.8 152.8
Duperow Fm (D-DP) 3.1 11530.0 3514.3 154.1
Souris R. Fm (D-SR) 1.8 11908.0 3629.6 156.2
Dawson Bay Fm (D-DB) 2.6 12228.0 3727.1 159.4
Prairie Fm (D-PE) 2.8 12325.0 3756.7 160.0
Winnepegosis Fm (D-W) 2.8 12389.0 3776.2 160.4
Ashern 2.8 12656.9 3857.8 162.1
Interlake Fm (S-I) 2.8 12732.0 3880.7 162.6
Cedar Lake (S-CL) 2.8 13200.0 4023.4 165.6
Gunton Member (O-G) 2.8 13889.0 4233.4 170.0
Stoughton Member (O-ST) 2.8 13958.0 4254.4 170.4
Red River Fm (O-RR) 3.8 14043.0 4280.3 171.0
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Formation (for NDIC file # 6839) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4441.0 1353.6 71.5
Belle Fouche 1.1 4581.9 1396.6 73.1
Mowry (K-M) 1.1 4868.0 1483.8 78.3
Newcastle (K-N) 2.3 5030.0 1533.1 80.9
Skull Creek 1.2 5139.0 1566.4 81.8
Inyan Kara (K-IK) 1.4 5254.0 1601.4 82.6
Swift (J-S) 1.2 5786.0 1763.6 89.3
Rierdon (J-R) 1.6 6230.0 1898.9 95.8
Piper 3.0 6666.7 2032.0 100.6
Spearfish (T-S) 4.0 6834.0 2083.0 101.5
Minnekahta Fm (PM-MK) 4.0 7195.0 2193.0 103.1
 Opeche Fm (PM-OP) 4.0 7223.0 2201.6 103.2
Broom Creek Fm (PM-BC) 4.0 7443.0 2268.6 104.2
Amsden Fm 1.2 7621.0 2322.9 105.0
 Tyler Fm (PN-T) 1.2 7741.0 2359.5 106.7
Big Snowy (M-BS) 1.2 7864.0 2396.9 108.5
Kibbey Fm (M-KL) 2.7 8215.0 2503.9 113.7
Madison Unconformity (M-MDUN) 2.5 8245.4 2513.2 113.9
Mission Canyon Fm (M-MD) 2.5 8360.0 2548.1 114.7
Ratcliffe Interval (M-MDR) 2.5 8960.0 2731.0 118.9
Base of Last Salt (M-MDLS) 1.1 9036.0 2754.2 119.4
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9240.0 2816.4 122.7
FRYBURG MARKER (M-MDFY) 1.1 9354.6 2851.3 124.5
STATE "A" MARKER (M-MDSA) 1.1 9469.3 2886.2 126.3
TILSTON INTERVAL (MDTI) 1.2 9583.9 2921.2 128.2
LODGEPOLE FM. (M-MDLP) 1.2 9695.0 2955.0 129.8
DEVONIAN-BAKKEN (MD-B) 1.2 10518.0 3205.9 141.8
Three Forks Fm (D-TF) 1.3 10556.0 3217.5 142.4
Bird Bear Fm (D-BB) 1.3 10740.0 3273.6 144.8
Duperow Fm (D-DP) 3.1 10819.0 3297.6 145.9
Souris R. Fm (D-SR) 1.8 11236.0 3424.7 148.2
Dawson Bay Fm (D-DB) 2.6 11473.0 3497.0 150.5
Prairie Fm (D-PE) 2.8 11560.0 3523.5 151.1
Winnepegosis Fm (D-W) 2.8 11589.0 3532.3 151.3
Ashern 2.8 11732.9 3576.2 152.2
Interlake Fm (S-I) 2.8 11808.0 3599.1 152.7
Cedar Lake (S-CL) 2.8 11986.0 3653.3 153.8
Gunton Member (O-G) 2.8 12590.0 3837.4 157.7
Stoughton Member (O-ST) 2.8 12685.0 3866.4 158.3
Red River Fm (O-RR) 3.8 12737.0 3882.2 158.6
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Formation (for NDIC file # 22750) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4662.0 1421.0 74.9
Belle Fouche 1.1 4896.9 1492.6 77.7
Mowry (K-M) 1.1 5183.0 1579.8 83.2
Newcastle (K-N) 2.3 5344.0 1628.9 85.8
Skull Creek 1.2 5499.0 1676.1 87.0
Inyan Kara (K-IK) 1.4 5614.0 1711.1 87.8
Swift (J-S) 1.2 6107.0 1861.4 94.0
Rierdon (J-R) 1.6 6535.0 1991.9 100.3
Piper 3.0 6825.7 2080.5 103.4
Spearfish (T-S) 4.0 6993.0 2131.5 104.4
Minnekahta Fm (PM-MK) 4.0 7460.0 2273.8 106.5
 Opeche Fm (PM-OP) 4.0 7500.0 2286.0 106.6
Broom Creek Fm (PM-BC) 4.0 7767.0 2367.4 107.8
Amsden Fm 1.2 8041.0 2450.9 109.0
 Tyler Fm (PN-T) 1.2 8161.0 2487.5 110.8
Big Snowy (M-BS) 1.2 8324.0 2537.2 113.1
Kibbey Fm (M-KL) 2.7 8624.0 2628.6 117.5
Madison Unconformity (M-MDUN) 2.5 8655.4 2638.2 117.7
Mission Canyon Fm (M-MD) 2.5 8770.0 2673.1 118.5
Ratcliffe Interval (M-MDR) 2.5 9134.0 2784.0 121.1
Base of Last Salt (M-MDLS) 1.1 9171.0 2795.3 121.4
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9331.0 2844.1 123.9
FRYBURG MARKER (M-MDFY) 1.1 9445.6 2879.0 125.7
STATE "A" MARKER (M-MDSA) 1.1 9560.3 2914.0 127.6
TILSTON INTERVAL (MDTI) 1.2 9674.9 2948.9 129.4
LODGEPOLE FM. (M-MDLP) 1.2 9807.0 2989.2 131.3
DEVONIAN-BAKKEN (MD-B) 1.2 10447.1 3184.3 140.7
Three Forks Fm (D-TF) 1.3 10514.0 3204.7 141.6
Bird Bear Fm (D-BB) 1.3 10610.0 3233.9 142.9
Duperow Fm (D-DP) 3.1 10667.0 3251.3 143.7
Souris R. Fm (D-SR) 1.8 10956.0 3339.4 145.3
Dawson Bay Fm (D-DB) 2.6 11078.0 3376.6 146.5
Prairie Fm (D-PE) 2.8 11106.0 3385.1 146.7
Winnepegosis Fm (D-W) 2.8 11207.0 3415.9 147.3
Ashern 2.8 11214.9 3418.3 147.4
Interlake Fm (S-I) 2.8 11290.0 3441.2 147.9
Cedar Lake (S-CL) 2.8 11848.9 3611.5 151.4
Gunton Member (O-G) 2.8 11883.0 3621.9 151.7
Stoughton Member (O-ST) 2.8 11960.0 3645.4 152.1
Red River Fm (O-RR) 3.8 12030.0 3666.7 152.6
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Formation (for NDIC file # 12062) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4160.0 1268.0 67.3
Belle Fouche 1.1 4155.9 1266.7 66.9
Mowry (K-M) 1.1 4442.0 1353.9 71.8
Newcastle (K-N) 2.3 4561.0 1390.2 73.6
Skull Creek 1.2 4671.0 1423.7 74.5
Inyan Kara (K-IK) 1.4 4786.0 1458.8 75.4
Swift (J-S) 1.2 5216.0 1589.8 80.7
Rierdon (J-R) 1.6 5603.0 1707.8 86.4
Piper 3.0 6045.7 1842.7 91.2
Spearfish (T-S) 4.0 6213.0 1893.7 92.2
Minnekahta Fm (PM-MK) 4.0 6437.9 1962.3 93.2
 Opeche Fm (PM-OP) 4.0 6456.3 1967.9 93.3
Broom Creek Fm (PM-BC) 4.0 6500.0 1981.2 93.5
Amsden Fm 1.2 6395.0 1949.2 93.0
 Tyler Fm (PN-T) 1.2 6515.0 1985.8 94.8
Big Snowy (M-BS) 1.2 6685.0 2037.6 97.3
Kibbey Fm (M-KL) 2.7 7026.0 2141.5 102.2
Madison Unconformity (M-MDUN) 2.5 7050.4 2148.9 102.4
Mission Canyon Fm (M-MD) 2.5 7165.0 2183.9 103.2
Ratcliffe Interval (M-MDR) 2.5 7656.0 2333.5 106.7
Base of Last Salt (M-MDLS) 1.1 7719.0 2352.8 107.1
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 7920.0 2414.0 110.3
FRYBURG MARKER (M-MDFY) 1.1 8034.6 2449.0 112.1
STATE "A" MARKER (M-MDSA) 1.1 8149.3 2483.9 114.0
TILSTON INTERVAL (MDTI) 1.2 8263.9 2518.8 115.8
LODGEPOLE FM. (M-MDLP) 1.2 8630.0 2630.4 121.1
DEVONIAN-BAKKEN (MD-B) 1.2 9117.0 2778.9 128.2
Three Forks Fm (D-TF) 1.3 9222.0 2810.9 129.8
Bird Bear Fm (D-BB) 1.3 9433.0 2875.2 132.6
Duperow Fm (D-DP) 3.1 9526.0 2903.5 133.9
Souris R. Fm (D-SR) 1.8 10020.0 3054.1 136.6
Dawson Bay Fm (D-DB) 2.6 10296.0 3138.2 139.3
Prairie Fm (D-PE) 2.8 10450.0 3185.2 140.4
Winnepegosis Fm (D-W) 2.8 10887.0 3318.4 143.2
Ashern 2.8 11039.9 3365.0 144.1
Interlake Fm (S-I) 2.8 11115.0 3387.9 144.6
Cedar Lake (S-CL) 2.8 11499.0 3504.9 147.1
Gunton Member (O-G) 2.8 12147.0 3702.4 151.2
Stoughton Member (O-ST) 2.8 12209.0 3721.3 151.6
Red River Fm (O-RR) 3.8 12260.0 3736.8 151.9
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Formation (for NDIC file # 11747) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4718.0 1438.0 75.8
Belle Fouche 1.1 4832.9 1473.1 76.8
Mowry (K-M) 1.1 5119.0 1560.3 82.2
Newcastle (K-N) 2.3 5249.0 1599.9 84.2
Skull Creek 1.2 5372.0 1637.4 85.2
Inyan Kara (K-IK) 1.4 5487.0 1672.4 86.0
Swift (J-S) 1.2 6023.0 1835.8 92.7
Rierdon (J-R) 1.6 6562.0 2000.1 100.6
Piper 3.0 6952.7 2119.2 104.9
Spearfish (T-S) 4.0 7120.0 2170.2 105.9
Minnekahta Fm (PM-MK) 4.0 7434.0 2265.9 107.3
 Opeche Fm (PM-OP) 4.0 7462.0 2274.4 107.4
Broom Creek Fm (PM-BC) 4.0 7696.0 2345.7 108.4
Amsden Fm 1.2 7780.0 2371.3 108.8
 Tyler Fm (PN-T) 1.2 7900.0 2407.9 110.5
Big Snowy (M-BS) 1.2 8100.0 2468.9 113.4
Kibbey Fm (M-KL) 2.7 8450.0 2575.6 118.6
Madison Unconformity (M-MDUN) 2.5 8475.4 2583.3 118.7
Mission Canyon Fm (M-MD) 2.5 8590.0 2618.2 119.5
Ratcliffe Interval (M-MDR) 2.5 9198.0 2803.6 123.8
Base of Last Salt (M-MDLS) 1.1 9275.0 2827.0 124.3
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9389.6 2862.0 126.2
FRYBURG MARKER (M-MDFY) 1.1 9504.3 2896.9 128.0
STATE "A" MARKER (M-MDSA) 1.1 9618.9 2931.9 129.8
TILSTON INTERVAL (MDTI) 1.2 9733.6 2966.8 131.7
LODGEPOLE FM. (M-MDLP) 1.2 10004.0 3049.2 135.6
DEVONIAN-BAKKEN (MD-B) 1.2 10767.0 3281.8 146.7
Three Forks Fm (D-TF) 1.3 10823.0 3298.9 147.6
Bird Bear Fm (D-BB) 1.3 11037.0 3364.1 150.5
Duperow Fm (D-DP) 3.1 11124.0 3390.6 151.6
Souris R. Fm (D-SR) 1.8 11560.0 3523.5 154.1
Dawson Bay Fm (D-DB) 2.6 11807.0 3598.8 156.5
Prairie Fm (D-PE) 2.8 11922.0 3633.8 157.2
Winnepegosis Fm (D-W) 2.8 12084.0 3683.2 158.3
Ashern 2.8 12299.9 3749.0 159.7
Interlake Fm (S-I) 2.8 12375.0 3771.9 160.1
Cedar Lake (S-CL) 2.8 12652.0 3856.3 161.9
Gunton Member (O-G) 2.8 13303.0 4054.8 166.0
Stoughton Member (O-ST) 2.8 13395.0 4082.8 166.6
Red River Fm (O-RR) 3.8 13451.0 4099.9 167.0
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Formation (for NDIC file # 16273) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4147.0 1264.0 67.1
Belle Fouche 1.1 4199.9 1280.1 67.5
Mowry (K-M) 1.1 4486.0 1367.3 72.5
Newcastle (K-N) 2.3 4609.0 1404.8 74.4
Skull Creek 1.2 4686.0 1428.3 75.0
Inyan Kara (K-IK) 1.4 4801.0 1463.3 75.9
Swift (J-S) 1.2 5302.0 1616.0 82.2
Rierdon (J-R) 1.6 5751.0 1752.9 88.7
Piper 3.0 6161.7 1878.1 93.2
Spearfish (T-S) 4.0 6329.0 1929.1 94.2
Minnekahta Fm (PM-MK) 4.0 6720.0 2048.3 95.9
 Opeche Fm (PM-OP) 4.0 6740.0 2054.4 96.0
Broom Creek Fm (PM-BC) 4.0 7140.0 2176.3 97.7
Amsden Fm 1.2 7180.0 2188.5 97.9
 Tyler Fm (PN-T) 1.2 7300.0 2225.0 99.7
Big Snowy (M-BS) 1.2 7826.0 2385.4 107.4
Kibbey Fm (M-KL) 2.7 7826.0 2385.4 107.4
Madison Unconformity (M-MDUN) 2.5 7873.4 2399.8 107.7
Mission Canyon Fm (M-MD) 2.5 7988.0 2434.7 108.5
Ratcliffe Interval (M-MDR) 2.5 8585.0 2616.7 112.7
Base of Last Salt (M-MDLS) 1.1 8656.0 2638.3 113.2
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 8857.0 2699.6 116.4
FRYBURG MARKER (M-MDFY) 1.1 8971.6 2734.6 118.2
STATE "A" MARKER (M-MDSA) 1.1 9086.3 2769.5 120.0
TILSTON INTERVAL (MDTI) 1.2 9200.9 2804.4 121.9
LODGEPOLE FM. (M-MDLP) 1.2 9532.0 2905.4 126.7
DEVONIAN-BAKKEN (MD-B) 1.2 10147.0 3092.8 135.7
Three Forks Fm (D-TF) 1.3 10242.0 3121.8 137.1
Bird Bear Fm (D-BB) 1.3 10432.0 3179.7 139.6
Duperow Fm (D-DP) 3.1 10532.0 3210.2 141.0
Souris R. Fm (D-SR) 1.8 10988.0 3349.1 143.5
Dawson Bay Fm (D-DB) 2.6 11253.0 3429.9 146.1
Prairie Fm (D-PE) 2.8 11379.0 3468.3 147.0
Winnepegosis Fm (D-W) 2.8 11714.0 3570.4 149.1
Ashern 2.8 11963.9 3646.6 150.7
Interlake Fm (S-I) 2.8 12039.0 3669.5 151.2
Cedar Lake (S-CL) 2.8 12440.0 3791.7 153.7
Gunton Member (O-G) 2.8 13144.0 4006.3 158.2
Stoughton Member (O-ST) 2.8 13236.0 4034.3 158.8
Red River Fm (O-RR) 3.8 13294.0 4052.0 159.2
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Formation (for NDIC file # 12173) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4266.9 1300.5 68.9
Belle Fouche 1.1 4389.9 1338.0 70.3
Mowry (K-M) 1.1 4676.0 1425.2 75.4
Newcastle (K-N) 2.3 4775.0 1455.4 77.0
Skull Creek 1.2 4898.0 1492.9 77.9
Inyan Kara (K-IK) 1.4 5013.0 1528.0 78.8
Swift (J-S) 1.2 5818.6 1773.5 88.9
Rierdon (J-R) 1.6 5950.0 1813.6 90.8
Piper 3.0 6307.7 1922.6 94.7
Spearfish (T-S) 4.0 6475.0 1973.6 95.7
Minnekahta Fm (PM-MK) 4.0 6840.0 2084.8 97.3
 Opeche Fm (PM-OP) 4.0 6880.0 2097.0 97.5
Broom Creek Fm (PM-BC) 4.0 7311.0 2228.4 99.4
Amsden Fm 1.2 7555.0 2302.8 100.4
 Tyler Fm (PN-T) 1.2 7675.0 2339.3 102.2
Big Snowy (M-BS) 1.2 7826.0 2385.4 104.4
Kibbey Fm (M-KL) 2.7 8237.0 2510.6 110.4
Madison Unconformity (M-MDUN) 2.5 8265.4 2519.3 110.6
Mission Canyon Fm (M-MD) 2.5 8380.0 2554.2 111.4
Ratcliffe Interval (M-MDR) 2.5 8927.0 2720.9 115.2
Base of Last Salt (M-MDLS) 1.1 8990.0 2740.2 115.7
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9185.0 2799.6 118.8
FRYBURG MARKER (M-MDFY) 1.1 9299.6 2834.5 120.6
STATE "A" MARKER (M-MDSA) 1.1 9414.3 2869.5 122.4
TILSTON INTERVAL (MDTI) 1.2 9528.9 2904.4 124.3
LODGEPOLE FM. (M-MDLP) 1.2 9784.0 2982.2 128.0
DEVONIAN-BAKKEN (MD-B) 1.2 10642.0 3243.7 140.5
Three Forks Fm (D-TF) 1.3 10724.0 3268.7 141.7
Bird Bear Fm (D-BB) 1.3 10929.0 3331.2 144.5
Duperow Fm (D-DP) 3.1 11018.0 3358.3 145.7
Souris R. Fm (D-SR) 1.8 11413.0 3478.7 147.9
Dawson Bay Fm (D-DB) 2.6 11677.0 3559.1 150.5
Prairie Fm (D-PE) 2.8 11791.0 3593.9 151.2
Winnepegosis Fm (D-W) 2.8 11952.0 3643.0 152.3
Ashern 2.8 12195.9 3717.3 153.8
Interlake Fm (S-I) 2.8 12271.0 3740.2 154.3
Cedar Lake (S-CL) 2.8 12834.0 3911.8 157.9
Gunton Member (O-G) 2.8 13527.0 4123.0 162.3
Stoughton Member (O-ST) 2.8 13620.0 4151.4 162.9
Red River Fm (O-RR) 3.8 13696.0 4174.5 163.4
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Formation (for NDIC file # 12240) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4444.0 1354.5 71.6
Belle Fouche 1.1 4620.9 1408.4 73.7
Mowry (K-M) 1.1 4907.0 1495.7 79.0
Newcastle (K-N) 2.3 5053.0 1540.2 81.3
Skull Creek 1.2 5186.0 1580.7 82.3
Inyan Kara (K-IK) 1.4 5301.0 1615.7 83.2
Swift (J-S) 1.2 5796.0 1766.6 89.4
Rierdon (J-R) 1.6 6230.0 1898.9 95.7
Piper 3.0 6617.7 2017.1 100.0
Spearfish (T-S) 4.0 6785.0 2068.1 100.9
Minnekahta Fm (PM-MK) 4.0 7230.0 2203.7 102.9
 Opeche Fm (PM-OP) 4.0 7268.0 2215.3 103.1
Broom Creek Fm (PM-BC) 4.0 7502.0 2286.6 104.1
Amsden Fm 1.2 7753.0 2363.1 105.2
 Tyler Fm (PN-T) 1.2 7873.0 2399.7 106.9
Big Snowy (M-BS) 1.2 7980.0 2432.3 108.5
Kibbey Fm (M-KL) 2.7 8311.0 2533.2 113.3
Madison Unconformity (M-MDUN) 2.5 8338.4 2541.5 113.5
Mission Canyon Fm (M-MD) 2.5 8453.0 2576.5 114.3
Ratcliffe Interval (M-MDR) 2.5 9017.0 2748.4 118.3
Base of Last Salt (M-MDLS) 1.1 9084.0 2768.8 118.8
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9276.0 2827.3 121.8
FRYBURG MARKER (M-MDFY) 1.1 9390.6 2862.3 123.6
STATE "A" MARKER (M-MDSA) 1.1 9505.3 2897.2 125.5
TILSTON INTERVAL (MDTI) 1.2 9619.9 2932.2 127.3
LODGEPOLE FM. (M-MDLP) 1.2 9754.0 2973.0 129.3
DEVONIAN-BAKKEN (MD-B) 1.2 10551.0 3215.9 140.9
Three Forks Fm (D-TF) 1.3 10570.0 3221.7 141.2
Bird Bear Fm (D-BB) 1.3 10785.0 3287.3 144.1
Duperow Fm (D-DP) 3.1 10864.0 3311.3 145.1
Souris R. Fm (D-SR) 1.8 11238.0 3425.3 147.2
Dawson Bay Fm (D-DB) 2.6 11460.0 3493.0 149.4
Prairie Fm (D-PE) 2.8 11540.0 3517.4 149.9
Winnepegosis Fm (D-W) 2.8 11597.0 3534.8 150.3
Ashern 2.8 11724.9 3573.8 151.1
Interlake Fm (S-I) 2.8 11800.0 3596.6 151.6
Cedar Lake (S-CL) 2.8 12050.0 3672.8 153.2
Gunton Member (O-G) 2.8 12641.0 3853.0 156.9
Stoughton Member (O-ST) 2.8 12730.0 3880.1 157.5
Red River Fm (O-RR) 3.8 12797.0 3900.5 157.9
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Formation (for NDIC file # 12249) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4604.0 1403.3 74.0
Belle Fouche 1.1 4759.9 1450.8 75.7
Mowry (K-M) 1.1 5046.0 1538.0 81.1
Newcastle (K-N) 2.3 5188.0 1581.3 83.3
Skull Creek 1.2 5349.0 1630.4 84.6
Inyan Kara (K-IK) 1.4 5464.0 1665.4 85.4
Swift (J-S) 1.2 5987.0 1824.8 92.0
Rierdon (J-R) 1.6 6455.0 1967.5 98.8
Piper 3.0 6816.7 2077.7 102.8
Spearfish (T-S) 4.0 6984.0 2128.7 103.8
Minnekahta Fm (PM-MK) 4.0 7426.0 2263.4 105.7
 Opeche Fm (PM-OP) 4.0 7465.0 2275.3 105.9
Broom Creek Fm (PM-BC) 4.0 7723.0 2354.0 107.0
Amsden Fm 1.2 7944.0 2421.3 108.0
 Tyler Fm (PN-T) 1.2 8064.0 2457.9 109.7
Big Snowy (M-BS) 1.2 8195.0 2497.8 111.6
Kibbey Fm (M-KL) 2.7 8530.0 2599.9 116.5
Madison Unconformity (M-MDUN) 2.5 8549.4 2605.8 116.6
Mission Canyon Fm (M-MD) 2.5 8664.0 2640.8 117.5
Ratcliffe Interval (M-MDR) 2.5 9226.0 2812.1 121.4
Base of Last Salt (M-MDLS) 1.1 9293.0 2832.5 121.9
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9465.0 2884.9 124.6
FRYBURG MARKER (M-MDFY) 1.1 9579.6 2919.9 126.4
STATE "A" MARKER (M-MDSA) 1.1 9694.3 2954.8 128.3
TILSTON INTERVAL (MDTI) 1.2 9808.9 2989.8 130.1
LODGEPOLE FM. (M-MDLP) 1.2 9950.0 3032.8 132.2
DEVONIAN-BAKKEN (MD-B) 1.2 10732.0 3271.1 143.6
Three Forks Fm (D-TF) 1.3 10758.0 3279.0 144.0
Bird Bear Fm (D-BB) 1.3 10964.0 3341.8 146.7
Duperow Fm (D-DP) 3.1 11045.0 3366.5 147.8
Souris R. Fm (D-SR) 1.8 11416.0 3479.6 149.9
Dawson Bay Fm (D-DB) 2.6 11633.0 3545.7 152.0
Prairie Fm (D-PE) 2.8 11710.0 3569.2 152.5
Winnepegosis Fm (D-W) 2.8 11770.0 3587.5 152.9
Ashern 2.8 11899.9 3627.1 153.8
Interlake Fm (S-I) 2.8 11975.0 3650.0 154.2
Cedar Lake (S-CL) 2.8 12186.0 3714.3 155.6
Gunton Member (O-G) 2.8 12790.0 3898.4 159.4
Stoughton Member (O-ST) 2.8 12871.0 3923.1 159.9
Red River Fm (O-RR) 3.8 12936.0 3942.9 160.4
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Formation (for NDIC file # 11405) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4055.9 1236.2 65.7
Belle Fouche 1.1 4178.9 1273.7 67.2
Mowry (K-M) 1.1 4465.0 1360.9 72.2
Newcastle (K-N) 2.3 4582.0 1396.6 74.1
Skull Creek 1.2 4705.0 1434.1 75.0
Inyan Kara (K-IK) 1.4 4820.0 1469.1 75.9
Swift (J-S) 1.2 5235.0 1595.6 81.1
Rierdon (J-R) 1.6 5676.0 1730.0 87.5
Piper 3.0 6067.7 1849.4 91.8
Spearfish (T-S) 4.0 6235.0 1900.4 92.8
Minnekahta Fm (PM-MK) 4.0 6576.6 2004.5 94.3
 Opeche Fm (PM-OP) 4.0 6595.0 2010.2 94.4
Broom Creek Fm (PM-BC) 4.0 6720.0 2048.3 94.9
Amsden Fm 1.2 6690.0 2039.1 94.8
 Tyler Fm (PN-T) 1.2 6810.0 2075.7 96.5
Big Snowy (M-BS) 1.2 7085.0 2159.5 100.5
Kibbey Fm (M-KL) 2.7 7411.0 2258.9 105.3
Madison Unconformity (M-MDUN) 2.5 7435.4 2266.3 105.5
Mission Canyon Fm (M-MD) 2.5 7550.0 2301.2 106.3
Ratcliffe Interval (M-MDR) 2.5 8101.0 2469.2 110.1
Base of Last Salt (M-MDLS) 1.1 8161.0 2487.5 110.6
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 8363.0 2549.0 113.8
FRYBURG MARKER (M-MDFY) 1.1 8477.6 2584.0 115.6
STATE "A" MARKER (M-MDSA) 1.1 8592.3 2618.9 117.4
TILSTON INTERVAL (MDTI) 1.2 8706.9 2653.9 119.3
LODGEPOLE FM. (M-MDLP) 1.2 9035.0 2753.9 124.1
DEVONIAN-BAKKEN (MD-B) 1.2 9608.0 2928.5 132.4
Three Forks Fm (D-TF) 1.3 9705.0 2958.1 133.8
Bird Bear Fm (D-BB) 1.3 9890.0 3014.5 136.3
Duperow Fm (D-DP) 3.1 9981.0 3042.2 137.6
Souris R. Fm (D-SR) 1.8 10434.0 3180.3 140.1
Dawson Bay Fm (D-DB) 2.6 10701.0 3261.7 142.7
Prairie Fm (D-PE) 2.8 10831.0 3301.3 143.6
Winnepegosis Fm (D-W) 2.8 11170.0 3404.6 145.7
Ashern 2.8 11376.9 3467.7 147.1
Interlake Fm (S-I) 2.8 11452.0 3490.6 147.5
Cedar Lake (S-CL) 2.8 11886.0 3622.9 150.3
Gunton Member (O-G) 2.8 12489.0 3806.6 154.1
Stoughton Member (O-ST) 2.8 12554.0 3826.5 154.6
Red River Fm (O-RR) 3.8 12613.0 3844.4 154.9
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Formation (for NDIC file # 9300) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4641.0 1414.6 74.6
Belle Fouche 1.1 4780.9 1457.2 76.0
Mowry (K-M) 1.1 5067.0 1544.4 81.4
Newcastle (K-N) 2.3 5205.0 1586.5 83.6
Skull Creek 1.2 5331.0 1624.9 84.5
Inyan Kara (K-IK) 1.4 5446.0 1659.9 85.4
Swift (J-S) 1.2 5883.0 1793.1 90.9
Rierdon (J-R) 1.6 6395.0 1949.2 98.4
Piper 3.0 6834.7 2083.2 103.2
Spearfish (T-S) 4.0 7002.0 2134.2 104.2
Minnekahta Fm (PM-MK) 4.0 7420.0 2261.6 106.0
 Opeche Fm (PM-OP) 4.0 7456.0 2272.6 106.1
Broom Creek Fm (PM-BC) 4.0 7670.0 2337.8 107.1
Amsden Fm 1.2 7824.0 2384.8 107.8
 Tyler Fm (PN-T) 1.2 7944.0 2421.3 109.5
Big Snowy (M-BS) 1.2 8060.0 2456.7 111.2
Kibbey Fm (M-KL) 2.7 8481.0 2585.0 117.4
Madison Unconformity (M-MDUN) 2.5 8509.4 2593.7 117.5
Mission Canyon Fm (M-MD) 2.5 8624.0 2628.6 118.3
Ratcliffe Interval (M-MDR) 2.5 9242.0 2817.0 122.7
Base of Last Salt (M-MDLS) 1.1 9317.0 2839.8 123.2
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9521.0 2902.0 126.5
FRYBURG MARKER (M-MDFY) 1.1 9635.6 2936.9 128.3
STATE "A" MARKER (M-MDSA) 1.1 9750.3 2971.9 130.1
TILSTON INTERVAL (MDTI) 1.2 9864.9 3006.8 132.0
LODGEPOLE FM. (M-MDLP) 1.2 10038.0 3059.6 134.5
DEVONIAN-BAKKEN (MD-B) 1.2 10830.0 3301.0 146.0
Three Forks Fm (D-TF) 1.3 10883.0 3317.1 146.8
Bird Bear Fm (D-BB) 1.3 11111.0 3386.6 149.9
Duperow Fm (D-DP) 3.1 11205.0 3415.3 151.2
Souris R. Fm (D-SR) 1.8 11635.0 3546.3 153.6
Dawson Bay Fm (D-DB) 2.6 11902.0 3627.7 156.2
Prairie Fm (D-PE) 2.8 12014.0 3661.9 156.9
Winnepegosis Fm (D-W) 2.8 12156.0 3705.1 157.8
Ashern 2.8 12384.9 3774.9 159.3
Interlake Fm (S-I) 2.8 12460.0 3797.8 159.8
Cedar Lake (S-CL) 2.8 12865.0 3921.3 162.3
Gunton Member (O-G) 2.8 13450.0 4099.6 166.1
Stoughton Member (O-ST) 2.8 13538.0 4126.4 166.6
Red River Fm (O-RR) 3.8 13597.0 4144.4 167.0
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Formation (for NDIC file # 17339) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 2081.0 634.3 36.3
Niobrara (K-NB) 1.2 2284.2 696.2 39.4
Carlile 1.2 2610.4 795.7 44.3
Greenhorn (K-GH) 1.1 4814.0 1467.3 77.9
Belle Fouche 1.1 4961.9 1512.4 78.7
Mowry (K-M) 1.1 5248.0 1599.6 84.8
Newcastle (K-N) 2.3 5393.0 1643.8 87.1
Skull Creek 1.2 5537.0 1687.7 88.2
Inyan Kara (K-IK) 1.4 5652.0 1722.7 89.1
Swift (J-S) 1.2 5917.6 1803.7 92.4
Rierdon (J-R) 1.6 6049.0 1843.7 94.3
Piper 3.0 6872.7 2094.8 103.4
Spearfish (T-S) 4.0 7040.0 2145.8 104.3
Minnekahta Fm (PM-MK) 4.0 7591.0 2313.7 106.8
 Opeche Fm (PM-OP) 4.0 7633.0 2326.5 106.9
Broom Creek Fm (PM-BC) 4.0 7916.0 2412.8 108.2
Amsden Fm 1.2 8025.0 2446.0 108.7
 Tyler Fm (PN-T) 1.2 8145.0 2482.6 110.4
Big Snowy (M-BS) 1.2 8329.0 2538.7 113.1
Kibbey Fm (M-KL) 2.7 8684.0 2646.9 118.3
Madison Unconformity (M-MDUN) 2.5 8714.4 2656.1 118.5
Mission Canyon Fm (M-MD) 2.5 8829.0 2691.1 119.3
Ratcliffe Interval (M-MDR) 2.5 9437.0 2876.4 123.6
Base of Last Salt (M-MDLS) 1.1 9516.0 2900.5 124.1
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9718.0 2962.0 127.3
FRYBURG MARKER (M-MDFY) 1.1 9832.6 2997.0 129.2
STATE "A" MARKER (M-MDSA) 1.1 9947.3 3031.9 131.0
TILSTON INTERVAL (MDTI) 1.2 10061.9 3066.9 132.8
LODGEPOLE FM. (M-MDLP) 1.2 10242.0 3121.8 135.5
DEVONIAN-BAKKEN (MD-B) 1.2 11053.0 3369.0 147.3
Three Forks Fm (D-TF) 1.3 11108.0 3385.7 148.1
Bird Bear Fm (D-BB) 1.3 11347.0 3458.6 151.3
Duperow Fm (D-DP) 3.1 11442.0 3487.5 152.6
Souris R. Fm (D-SR) 1.8 11873.0 3618.9 155.0
Dawson Bay Fm (D-DB) 2.6 12075.0 3680.5 157.0
Prairie Fm (D-PE) 2.8 12138.0 3699.7 157.4
Winnepegosis Fm (D-W) 2.8 12479.0 3803.6 159.6
Ashern 2.8 12655.9 3857.5 160.7
Interlake Fm (S-I) 2.8 12731.0 3880.4 161.2
Cedar Lake (S-CL) 2.8 13123.0 3999.9 163.7
Gunton Member (O-G) 2.8 13745.0 4189.5 167.7
Stoughton Member (O-ST) 2.8 13836.0 4217.2 168.2
Red River Fm (O-RR) 3.8 13901.0 4237.0 168.6
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Table 34 - Calculated Temperatures at depth for NDIC file # 15516 
 
 
Formation (for NDIC file # 15516) Thermal Conductivity (λ) Depth Depth Temperature 
W/m/K feet meters oC
Pierre (K-P) 1.2 3149.8 960.1 51.9
Niobrara (K-NB) 1.2 3353.1 1022.0 55.0
Carlile 1.2 3679.3 1121.4 59.9
Greenhorn (K-GH) 1.1 4460.0 1359.4 71.8
Belle Fouche 1.1 4696.9 1431.6 74.8
Mowry (K-M) 1.1 4983.0 1518.8 80.2
Newcastle (K-N) 2.3 5111.0 1557.8 82.2
Skull Creek 1.2 5234.0 1595.3 83.1
Inyan Kara (K-IK) 1.4 5349.0 1630.4 84.0
Swift (J-S) 1.2 5760.0 1755.6 89.2
Rierdon (J-R) 1.6 6186.0 1885.5 95.4
Piper 3.0 6512.7 1985.1 99.0
Spearfish (T-S) 4.0 6680.0 2036.1 99.9
Minnekahta Fm (PM-MK) 4.0 7195.0 2193.0 102.2
 Opeche Fm (PM-OP) 4.0 7247.0 2208.9 102.4
Broom Creek Fm (PM-BC) 4.0 7545.0 2299.7 103.7
Amsden Fm 1.2 7999.0 2438.1 105.7
 Tyler Fm (PN-T) 1.2 8119.0 2474.7 107.5
Big Snowy (M-BS) 1.2 8367.6 2550.4 111.1
Kibbey Fm (M-KL) 2.7 8421.0 2566.7 111.9
Madison Unconformity (M-MDUN) 2.5 8452.4 2576.3 112.1
Mission Canyon Fm (M-MD) 2.5 8567.0 2611.2 112.9
Ratcliffe Interval (M-MDR) 2.5 9049.0 2758.1 116.3
Base of Last Salt (M-MDLS) 1.1 9098.0 2773.1 116.6
FROBISHER-ALIDA INTERVAL (M-MDFA) 1.1 9278.0 2827.9 119.5
FRYBURG MARKER (M-MDFY) 1.1 9392.6 2862.9 121.3
STATE "A" MARKER (M-MDSA) 1.1 9507.3 2897.8 123.2
TILSTON INTERVAL (MDTI) 1.2 9621.9 2932.8 125.0
LODGEPOLE FM. (M-MDLP) 1.2 9736.6 2967.7 126.7
DEVONIAN-BAKKEN (MD-B) 1.2 10494.0 3198.6 137.7
Three Forks Fm (D-TF) 1.3 10510.0 3203.4 137.9
Bird Bear Fm (D-BB) 1.3 10718.0 3266.8 140.8
Duperow Fm (D-DP) 3.1 10795.0 3290.3 141.8
Souris R. Fm (D-SR) 1.8 11087.0 3379.3 143.4
Dawson Bay Fm (D-DB) 2.6 11223.0 3420.8 144.8
Prairie Fm (D-PE) 2.8 11306.0 3446.1 145.3
Winnepegosis Fm (D-W) 2.8 11433.0 3484.8 146.1
Ashern 2.8 11530.9 3514.6 146.7
Interlake Fm (S-I) 2.8 11606.0 3537.5 147.2
Cedar Lake (S-CL) 2.8 11768.0 3586.9 148.3
Gunton Member (O-G) 2.8 12350.0 3764.3 152.0
Stoughton Member (O-ST) 2.8 12418.0 3785.0 152.4
Red River Fm (O-RR) 3.8 12492.0 3807.6 152.9
